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ORGANIC CHEMISTRY. 
CHAPTER I. 

INTHODUCTOBY. 

The name organie is commonlj restricted, by cKemists, td 
compounds the molecules of which consist of one or more 
atoms of carbon directly combined either with carbon, nitro- 
gen, or hydrogen. Thus, according to this definition, car- 
bonic anhydride (0— C=0) and hydric potassic carbonate 
(H — — C — O — K) are mineral or inorganic compounds, 



O 

because the carbon which they contain is directly combined 

/0=C--0— H\ 
t^ith oxygen only; but oxalic acid ( I ), cyanic 

\0=C— 0— H/ 

acid (N=C— 0— H), and formic acid (0=C— 0— H) are 

H 

organic compounds, because their molecules contain carbon 
directly combined, in the first case with carbon, in the second 
with nitrogen, and in the third with hydrogen. 

The number of elements usually entering into the composi- 
tion of organic compounds is very small 

A large number of these compounds consist of carbon united 
with only one other element, either hydrogen or,rarely, nitrogen. 

The members of another very large class contain only three 
elements : — carbon, hydrogen, and oxygen ; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and oxygen, 
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2 COMPOUND ORGANIC RADICALS. 

Others contain four elements — carbon, hydrogen, oxygen, 
and nitrogen. 

Some contain sulphur, cUorine, bromine, iodine, silicon, 
phosphorus, boron, or metals ; but these are comparatively rare. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaUer than that usuaUy 
taking part in the formation of minerals, yet the complexity 
of the former class of compounds is frequently much greater. 

There is no. instance of an organic molecule containing but 
two single atoms, and only one containing three (hydrocyanic 
acid, HON). 

On the other hand, the number of atoms in a single organic 
molecule is sometimes very great. Thus : — 

The molecule of Spermaceti contains 98 atoms. 

Stearin „ 173 „ 

Margarin „ 217 „ 

Albumen „ 226 „ 

Protagon „ 384 „ 

In nearly all organic compounds carbon is a tetrad. It 
forms, therefore, virith 1 atom of hydrogen a triad compound 
radical, which exists in chloroform (C'^II)"'Cl3 ; a dyad com- 
pound radical with 2 atoms of hydrogen, as in methylenic 
jlichloride (G''^y'C\\ and a monad compound radical with 
3 atoms of hydrogen,-^ in methylic iodide (C^'Hg)!. But in 
these compounds it will be seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law : — " In 
every molecule of a chemical compound the sum of the bonds 
is always an even number," because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known : — " The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
xnent in the compound.'* 

A compound organic radical is a group qf atoms containing one 



» 


» 


» 


» 
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NOTATION OF ORGANIC COMPOUNDS. S 

or more atoms fif earhon of which one or more bonds are unsatis' 
fied; a/ndii is either a monad, dyad^Sfc. radical, according to th^ 
nwnber of monad atoms required to complete its active atomicity* 
Such a radical, when a monad, triad, or pentad, cannot exisi 
as. a separate group ; like hydrogen or nitrogen, when isolated, 
^it comhines with another group of atoms like itself, forming 
a duplex molecule. It is only by this union of two semi- 
molecules that the vacated bonds can be satisfied. 
. The following. are two of the principal series of compound 
organic radicals : — 

Monads. Dyads. 

Methyl... jg^s or j^^ Methylene... CH, or Me"*. 

Ethyl ...{§^5'^^ {eJ Ethylene . . . C,H, or Et", . " 

Propyl ... I Q^g^ or j p^ Propylene . . . C^H, or Pr". 

Butyl ..{c'h'^^ Ibu Butylene ... C^H^ or Bu". 

Amyl ..{c'h'^^ liy ^^ylene ... C^H.^or Ay'^ 

Organic radicals are the analogues of the monad, dyad, 
and triad elements of mineral chemistry. : 

Such being the constitution of the organic radicals, we will 
now proceed to investigate their functions in organic com* 
pounds, and to examine the general plan upon which these 
compounds are, on the atomic hypothesis, built up. 

We shall be assisted in our investigation if we reduce the 
formulae of these compounds to a few types or fundamental 
forms. In doing this it is necessary to avoid, as far as possible, 
all empirical grouping of atoms. Our formulae ought to express, 
as exactly as possible, how the elements are combined with each 
other. Thus in a compound containing Ca,HyO^, the formula 
ought to show, first, whether the hydrogen is combined with 
carbon or with oxygen; or if combined with both, it .should 
indicate how many atoms are united with carbon, and how 

* Only known in combination, 
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4 TYPES OF ORGANIC COMPOUNDS. 

many with oxygen. Secondly, the formula ought to show 
whether the oxygen is united with carbon or with hydrogen, or 
partly with the one and partly with the other, or, lastly, whether 
it is performing the function of linking hydrogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non* 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies and organo-boron and silicon compounds, can be 
conveniently considered under the two following types, viz. : — 

H 

1. The monadelphic, or marsh-gas 1 
type J 



H— C— H 



H 
H H 



2. The diadelphic, or methyl type ... H — C — C — H 

H H 
Nitrogenous organic compounds arrange themselves in tho 
most convenient manner under the two following types : — 

H 

8. The ammonia typo , Jr 

il H 
CI 



4. The ammonic-chloridc typo H— N— H 

In addition to these types a few others will be occasionally 
necessary, such as :— 

H H H 

6. The triadelph ic typo H— C— C— C— II 

I I I 
H H H 



FORMULiB OF ORGANIC COMPOUNDS 



H H 

6. The double monadelphic type ... H— C— 0— C— II 

H H 

H H 



7. The coudensed diadelphic orl 
define type J 






i 



Double, and sometimes even treble ammonia and ammonic- 
chloride types are required for certain compounds, but they 
do not need special description here. 

The above types are written symbolically as follows : — 

1. Monadelphic type CH^. 

2. Diadelphic type I CH^' 

3. Ammonia type N'^Hg. 

4. Ammonic-chloride type mi^Cl, 

5. Triadelphic type "i CH^. 

CHo 



6. Double monadelphic type 



O 
CH, 



7. Condensed diadelphic type " \ qS*. 

In order to facilitate the use of these symbolic types, it is 

advisable to become familiarized with the symbols of the fol- 

lo^ving analogues of hydroxyl, in addition to those already 

given for inorganic compound radicals at p. 28 of vol. i., and 

for "the monad and dyad radicals at p. 3 of the present 

volume : — 

Methoxyl CHgO or Meo. 

Ethoxyl CaHgO or Eto. 

Propoxyl C3H.O or Pro. 

Butoxyl C^HeO or Buo. 

Amoxyl OjHjjOor Ayo. 
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DEYGLOPMENT OF FORMULA. 



FormulsB written on the triadelphic type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type, as follows : — 

Propylic J S& _ f CMeH, 
hydride, jgg^^ " ICH, 

Triadelphic. i)iadelphio. 



= OMe,H, or CEtHa- 

lionadelphio. • • 



The above alternative monadelphic formulae, although appa- 
rently different, are in reality identical, as can be easily 
proved by expressing both graphically, thus : — 

H 

:-U 



CMe.H, = H- 



H 



H 

I 
-C- 



H 



H 

I 

I 
II 



H H 



CEtH. 



= H— C— C- 



H H 



H 



-C-~H 



H 



On the other hand, mDnadelphic formulae, if they contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphic, &c. jformulse in the following manner : — 

fCMeH^ 

rCEtH, 



Normal butyl, or 

propy lated methyL 

(Molecule.) 



CH, 

CEtH. 



< 



K. 



CH, 
CH, 
CH, 
CH, 
CMeH, 



CH, 
CH, 
,CH, 
^ CH,- 
CH, 
CH, 
CH. 



V. 



This development of normal butyl depends on the following 
facts : — 1st, that normal butyl- is propylated methyl ; 2nd, that 
normal propyl is ethylated methyl j and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiary organic radicals (see p. 10) cannot 
be completely developed vertically : — 



GRAPHIC FORMULA. 



rCMeH, 
r CEtMeH _ J CMeH 
CEtMeH " I CMeH 
^1^TH"^*V^^x I CMeH, 

metbyl. (Moleoule.) ^ ^ 



fCMe. 



= < 



Trimethylated 
methyl. (Molecule.) 



CMe, 
CMe, 
OH3 



oh! 

CMeH 
CMeH 
CH, 



= < 



V.CH. 



''OH, 

OH, 

OHCCH,) 

OH(CH,) '• 

OH, 
^OH, 



I 0(CH3)(CH,) 
1 0(CH3)(CH3)' 
IOH3 



It will be seen, on comparing the above formulffi with the 
graphic representation of the respective compounds, that both 
express the same ideas of constitution. Thus in the developed 
symbolic formula of normal butyl it is evident that the two ex- 
treme carbon atoms are each united with three atoms of hydrogen 
and one of carbon, and all the intermediate carbon atoms with 
two of hydrogen and two of carbon, exactly as shown in the 
following graphic representation : — 



H H H H 

I I I I 
H— C— C— C— C- 



H H H H 



H H H H 



— C— C— C— C— H 



H H H H 



Normal butyl or propylated methyl. (Molecule.) 



Erom. the developed symbolic formula of methylo-ethylated 
methyl, it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom of 
carbon, and three of hydrogen, thuB : — 
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H 
H— C-H 



H H 

I I 



I H H H 

I I I 



H— 0— C— C— i— C— C— CV-H 

i i i i I A i 

H— C— H 

I 
H 

Ucthylo-ethjlated methyl. (Holeeule.) 

Lastly, in the developed Bjmbolic formula fur trlinetliylated 
methyl, the two central atoms of carbon are each united with 
four carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen and one of carbon, thus : — 



H 

I 
H— C-H 



H 
H— C— H 



H 



H— C- 

I 
H 



•C- 



H 



C- 



H— C— H 



•C— H 

I 
H 



H— C— H 



H H 

Trlmethjlated metnyl. (Molecule.) 



CLASSIFICATION OF OEOANIC COUPOUNDS. 

The most important organic compounds can be conveniently 
divided into the following thirteen families : — 

1. Organic radicals. 

2. Hydrides of organic radicals. 



FOSITIYE RADICALS, \} 

3. Alcohols* 

4. Ethers. 

5. Haloid ethers. 

6. Aldehydes, 

7. Acids. 

8. Anhydrides, 

9. Ketones, 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen, 

12. Organo-boron and silicon compounds, 

13. Organo-metallic bodies, 



CHAPTER II, 

OBGANIC BADICALS, 

This family of organic compounds is divided into two 
chisses : — 

Class I. Positive radicals. 
Class II. Negative radicals, 

Class I. 
FOSITIVE RADICALS, 

Monads. 
Methyl or (C^Ho^^-Oj Series. 
Vinyl or (C„Hj}„_i)a Series. 
Phenyl or (CnHzn-i)^ Series, 

Dyads. 
Ethylene or C„Ha« Series. 
Acetylene or C^Ha^.j Series. 
Phenylene or C„H2„«8 Series. 

Triads. 
Glyceryl or (C„H2«.i)'"o. Series, 
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Class I. 

POSITIVE RADICALS. 

MONADS. 

METHYL or (C„H»^.0, SERIES. 

Those radicals are divided into three sections, viz. Normal, 
Secondary, and Tertiary : — 

(General formulae. 

1. Normal Eadicab IS^n"2"*W§". 

2. Secondary Eadicals ••• (Sfc^lr'^H- 

3. Tertiary Eadicals (c(C"Hr^')'- 

In the first of the above formulae n may =0, but in the 
others it must be a positive integer. 

Examples of the tertiary series of radicals may be seen in the 
tertiary fatty acids. They have not yet been isolated. 

It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiary radicals, may exist ; but up to the present time only 
one or two examples of such radicals are known. 

By the action of zincic ethide on the chloride obtained from 
acetone by means of phosphoric chloride, a hydrocarbon is ob- 
tained, which may be regarded as a mixed normal and tertiary 
monad positive radical: ethyl etho-dimethomethyl or ethyl 
isoamyl : — 

Chloride from Zincio Zincic Ethyl ethodime- 

acetone. ethide. chloride. tnomethyl. 

1. Normal Radicals, 

This series contains the radicals of the methylic scries of 
alcohols. 
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These radicals also enter into ihe composition of the normal 
series of fatty acids. 

. Hhe. following list contains all the radicals of this section 
that hare been hitherto obtained : — - . 

Boillng- 
pointi. 

Metbyl \ ]^0»or j ^^^ hpttnown, 

Q^^ about -23^ 



-p., 1 f Et r CMeH, I 



^ 1 /Pf fCEtH, J 

^^^Py^ jPr' ^^jCEtH; ^^i 



.CH3 

CH, 

CH, 

CH, 

.OH3 



+ 68°. 



B-*yi {b^. -{c?S: ii«°- 

^-y Hi' -{clui: !««"• 

^^P-yl jc?' -(oiji 202». 

Preparation. — 1. By the action of zinc on the iodides of the 
normal radicals : — 

Fart of the liberated radical is at tbe same time decomposed 
into the hydride of the radical and the corresponding dyad 
radical : — 

A remarkable special method for preparing ethyl consists in 
exposing mercury and ethylic iodide to the influence of sun- 



light : 


. 


. 






2EtI 


+ 


Hg = Hgl, + Et,. 




Eth^lio 
iodide. 




Merourio Ethyl, 
iodide. 



}3 OBOANIC RADICALS, 

2. By the electrolysis of the salts of the normal fatty acids. 
In this process, nascent oxygen acts upon the fatty acid, con« 
verting its oxatyl into carbonic anhydride, the positive radical 
being set free : — 



^tcOHo + O = |0(C„H^,)H, 

Fatty add, BadicaU 

+ 200, + OH,. 

Carbonic Water, 

anhydride. 

8. By acting with zinc upon the iodides of two radicals sinml- 
taneously, the so-called double or mixed radicals are produced : — 



Mel + EtI + Zn = ZnL + 



JMe 

JEf 

IfetJiTlio Efh^lio Zinoic Methvl 

iodide. iodide. iodide. etiiyl. 



ETH7L, 
H H 

H H 



H H 

I I 
-C— C— H 



ii 



Molecular weight =58. Molecular volume m . 1 litre of 
ethjl goi weighs 29 criths. !Boils at about —23^ C. 

JPrq>aration.—Bj digesting together in a close vessel at 120° 
et hylic iodide and zinc, the reaction being similar to that 
between hydriodic acid and zinc : — 

Zn + 2HI = ZnT, + |J[. 

Hydriodio Zinoio HydrogeD. 

acid, iodide, 

Zn + 2EtI = Znl, + /g. 

Ethylio Zincic Ethyl, 

iodide. iodide. 



mmmmmn^m^ 



VINYL SERIES OP RADICALS. ' t^ 

2. Secondary Radicals. 
Two secondary monad positive radicals are knoTn : — 

Isopropyl {oMe^H ^""^^^^^ ^^"^ 

Amyl-isopropyl ... Jqu^Ij „ „ 110° 



riNTL SEjRIES. 
General formula... I g,(^»J^2'»-|jJ^^ 

The first member of this series, vinyl, has not yef been 
isolated. 

ALLTL. 



{ 



C,H, „, f 0(CM:e"H)H, 
O3H, °^ \ 0(CMe"H)H,- 

H : H 

_ c^— C— i— C— C^-^ 



H 

I 1 J 



H 

I I 



H H H H H H 

JdJoleeular weight =82. Molecular volume m . 1 litre of 
alhfl vapotw weigia 41 eritht. 8p.gr. 0684. JSoils at 69°. 

Preparation. — IBj digesting ftUylic iodide with sodium, and 
then distilling :— 

Na. + 20(CMe"H)H,I « { g^^gg^"-! jg; + 2NaI. 

AUylio iodide. AUyl. Sodio iodide. 

Character, — Bromine and iodine unite directly with allyl, 
producing allylic tetrabromide and tetriodide. In these com- 
pounds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrabromide, four latent carbon bonds in the mole- 
cule of allyl have become active, and have united with four atoms 
of bromine:— 

fC(CMe"H)H, . -R, ^ f C[C(CH,Br)BrH]H, 
tC(CMe"H)H, "*" ^^^ "■ \ C[C(CH,Br)BrH]H; 

; Ally]. Alljlio tetrabromide. 
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An analogous case is met with 14 ferric chloride, where two 
tetrad atoms, united by one bojid of. each, become together 
hexadic : — 

Allylic monpbromide can only be obtained by the action of 
phosphorous tribromide on allylic alcohol : — 

8C(CMe"H)H,Ho + PBr, = 3C(CMe"H)H,Br 

Allylic alcohol. Phoaphoroas All jlio monobromide. 

tribromide. 

+ POHHO3. 
FhoBphoroUB acid. 



PHENYL SERIES. 

General formula 






These radicals are but imperfectly known. The following 
have been isolated : — ' ' 



Phenyl 



OeH, 



-(csH; 

ToM JCeH.Me 



Benzyl 



f CH,(C.H.) 
t CH,(G,H,>- 



Amyl benzol or amyl phenyl... O^H5(C5H,i) 



n 



'Jt 



2^y^ 

CH 
OH 
CH 
CH 
'-'>OH J 



CH 



-CH 

Amyl toluol or amjl benzyl... C,H/CH,)(C,Hi,) ^"JQg- 
CH: 
"^CMfeJ 



PHENYL SERIES OF BADICAL8. 
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Amyl xylol O.H,(CH,),(C.H„)="jgg 

jOMe 
"iCMe- 



PHENYL. 
O.H. 



( 



o.h; 



H H 



C= 



/ 
H— C 



C— 



c 

\ 
c 

// 

c 



H H 



H 



C 

/ 
— C 

W 
c 

I 

H 



H 

I 



\ 
C— H 

// 



—C 



i 



Molecular weight =164. Molecular volume i I 1 . 1 litre of 
phenyl vapour xoeighB 77 crithe. Fuses at 70**. Boils at 
240°. 

Preparation. — ^By tlie action of sodium on phenylic bro- 
mide : — 

2C,H,Br + m, = {g«g« + 2NaBr. 



Phenylic bromide. 



Phenyl. 



Sodic bromide. 



Reaction. — By treatment with bromine, phenyl produces 
bromphenyl and hydrobromic acid:-^ 



( 



C H ^ ^^4, 

Phenyl. 



{ C:i:lr " + 2HBr. 



Bromphenyl. 



Hydrobromio 
acid. 



iG obganic ilvdicals. 



CHAPTER III, 
POSITIVE BADICALS. 
DTADS. 
JETETLENE or C« H^, SERIES. 

Preparation, — ^Theso compounds are produced as follows : — 

1. In many cases of destructive distillation, where, however, 
the reaction cannot be traced^ 

2. By the abstraction of the elements of watei^ from the 
normal monohydric alcohols of the methylic series, as for in- 
stance :— 

tCH,Ho - ICH, + "^»- 

Ethylio alcohol. Ethylene. Water. 

3. By passing the vapours of the haloid compounds of the 
iiormal monad radicals of the CnHj^i series over heated limo, 
thus : — 



{ 



CH,C1 \CR, + ^^'- 

Ethjrlio Ethylene. Hydrochlorio 

chloride. acid. 



4. By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split into 
dyad radicals and the hydrides of monad radicals : — 

f C(CH,)H, ^ „ f CH, f CH, 

Ethyl. Ethylene. Ethjrlio 

hydride. 

6. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

Ethylio Bodio Bodio Ethylene. Ethyl ic 

iodide. ethide. iodide. hydride. 



OH. 
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6. Methylic iodide and allelic iodide dissolved in ether and 
digested with sodium in sealed yessels produce methjl-alljl, an 
isomer of butylene : — 

CH3I -I- "JCH + Na^ = 2NaI + fgg' 

Methylio AUylio Hethyl-aUjL 

iodide. iodide. 

7. Bj the action of zincic ethide on ally lie iodide, ethyl-allyl, 
isomeric with amylene, is obtained : — 

ZnEt, + 2 "}CH = Znl, + 2 "JCH or 

^Caj. iCH,Et 

Zinoio Allflio Zindo Ethyl-iUfL 

ethide. iodide. iodide. 

8. By treatment of vinylic bromide (brominated ethylene) 
with zincic ethide, ethyl-vinyl, isomeric with butylene, is pro- 
duced : — 

r"OH 
CH. 
CH,- 
CH, 

Zinoio Vinylio Zinoio Ethjl-Tinyl. 

ethide. bromide. bromide. 

Methyl-allyl differs from ethyl-vinyl. 

Character, — The lower members of this series of dyad radicals 
are gaseous, the higher solid, and the intermediate ones liquid. 

The following list includes the known dyad radicals of this 
series, together with their fusing- and boiling-points : — » 

Fusing- Boiling- 
point point. 

Ethylene C^H^ 

Propylene CgHg 1?7'S 

Pseudobutylene ^J^e 7*0 

Isobutylene ^J^9 5*0 

Butylene C^Hg + 30 

Amylene ^sB.io 85*0 

Hexylene CeHj, .39*0 

TOL. II. 



ZnEt, + 2 { ^^gH^^ = ZnBr, + 2{2Jj%or- 
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Fusing- Boiling- 
point. point. 



Heptylene or (Enanthylene . . . C^Hi^ 65*0^ 

Octylene or Caprylene .' CgHie 950 

Nonylene O^R^^ 125 

Paramylene Cr^oHao 

Cetene C,JL,, 

Cerotene C,,H,, 57° 275 

Melene C^.U,, 62 375. 

Reactions. — 1. The dyad radicals of this series all unite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 

r CH,C1 r CH.Br f CH J 

t CH,C1 t CH^Br t CIIJ- 

Ethylenio Ethylenio Ethylenio 

diohloride. dibromide. diiodide. 

These compounds, when treated with alcoholic solution of 
potassic hydrate, lose one molecule of a hydracid, thus : — 

gH,Cl + KHo = KCl + -{2jH^i + OH,. 

Ethylenio Fotassio Potassio Vinylio chloride. Water, 

diohloride. hydrate. chloride. or chlorinated 

ethylidene. 

The monochlorinated radical thus obtained again unites with 

two atoms of chlorine, producing chlorinated ethylidenic di- 

chloride, 

f CHCICI 
ICH.Cl V 

whic]^, by further treatment with alcoholic potash, yields dichlo- 
rinated ethylidene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylidene. The following formulsB show the first, 
intermediate, and final compounds : — 

,JCH, fCH,Cl f"CH fCHClCl fCHClCl 
tCH, tCH,Cl tCHaCl tCH^Gl t"CH 

f CHCICI / "CCl r CCICL, f CCI3 
lOHOlCl ICHCl, t CHCICI \"COY 



{ 
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acid. The boiling-points of their chlorides also differ, ethy- 
lenic dichloride boiling at 85°, whilst ethylidenic dichloride 
boils at 64° ; on the other hand, ethylenic oxide boils at 13°*5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 
The oxides of the dyad radicals are isomeric : — 

1. With the corresponding aldehydes. 

2. With the alcohols of the vinylic or C^H2„_iHo series. 
The nature of this isomerism is seen from the following for- 

mulsB : — 

(CH,Q fCH, f"OH 

1 OH," t COH t CH,Ho • 

Etii^lenio Aoetio Vinjlio 

oxide. aldehyde. aloohoL 



ETHTLENE. 
H H 



1 



CTT 

OH, ^, 



Molecular weight =28. Molecular volume ri~1 ' 1 H^^ weighs 
14 critha. 

Preparation. — See general methods (p. 16). 
Beactions. — 1. Decomposed into carbon and marsh- gas by 
passing through a red-hot tube : — 





II 


/OH, _ 
ICH, - 

Ethylene. 


OH. 

Marsh- 
gas. 


+ 


c. 

• 


2. 


Burns in chlorine with 


deposition of carbon : — 




Ich: 


+ 2C1, 


= c. 


+ 


4HCL 




Ethylene. 








Hydrochloric 
acid. 



3. Ethylene when agitated with solution of potassic perman- 
ganate is oxidized, oxalic acid, formic acid, and carbonic anhy- 



dride being formed :- 



wm 
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Ethylene. Oxalic Water. 

aoid. 

C,H, + O. = {go2o + CO, + OH,. 

Ethylene. Formic aoid. Carbonic Water. 

anhydride. 

Ethylidene, the isomer of ethylene, has not yet been isolated, 
unless the hydrocarbon CjH^ derived from the transformation of 
ethyl is this body. The constitutional formula of ethylidene is 

H 
CH, H— C— H 



( 






ACETYLENE or C^Hs^.j SERIES, 

Acetylene is the radical belonging to this series which is 
best known. The series comprises the following members : — 

Acetylene ^a^a- 

Allylene CgH^. 

Crotony lene O^H^. 

Valerylene CgH^, 

These radicals stand in the same relation to the alcohols of 
the yinylic series as ethylene bears to ethylic alcohol. They 
are also probably capable of assuming tetrad functions. 



ACETYLENE. 



[_Q_H or H-C-C^H 



'"C'^H, OP I „Q^. H- ^^ ,^ ^ 

Molecular weight =26. Molecular volume fTI . \ litre weigha 
13 critha. 



C,K, 


+ 


20 H, 


= C,H, 


Fotamio 
carbide. 




Water. 


Aoelylene. 
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Preparation. — 1. By synthesis from its elements. . When an 
electric arc from a moderately powerful voltaic battery passes 
between carbon poles in an atmosphere of hydrogen, acetylene 
is produced. 

2. By the action of water on potassic carbide : — 

+ 2KHo. 

Fotamio 
hydrate. 

3. By the action of heat upon olefiant gas or the vapour of 
alcohol, ether, or wood-spirit, or by passing electric sparks 
through marsh-gas : — 

2CH, = C,H, 4- 3H,. 

Marsh-gas. Aoetjlene. 

4. By heating the vapour of methylic chloride to low red- 
ness : — 

2CH3CI = C,H, + 2HC1 -h H,. 

Methy^lic Acetylene. Hydrochloric 

chloride. acid. 

5. By passing the vapour of chloroform over ignited copper : — 

2CHCI3 + Cue = C,H, + 3'C<C1,. 

Chloroform. Acetylene. Cuproas 

chloride. 

6. By the action of calcic carbide upon water : — 

C,Ca" + 20H, = C,H, -f CaHo,. 

Calcic Water. Acetylene. Calcic 

carbide. hydrate. 

7. From vinylic bromide, one of the derivatives of ethylene, 
acetylene may be obtained by the action of alcoholic potash : — 

CJI,Bt -f KHo = C,H, + KBr + OH,. 

Vinylic Potassic Acetylene. Potassic Water, 

bromide. hydrate. bromide. 

8. By the incomplete combustion of bodies containing car- 
bon and hydrogen: — 

4CH, -f 30, = 2C,H, + 60H,: 

Marsh-gas. Acetylene. Water. 

2C,H. + 0, = 2C,H, + 20H,. 

defiant gas. Acetylene. Water. 

The crude acetylene, obtained by any of these processes, is 
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best purified by passing it through an ammbniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 

r c;cu;h Cu-Cu Cu-Cu 

taining^ O . I | i I 

I C:Cu',H H— C— C—O— C-^C— H 

2'Cu',Cl, + 2C,H, + OH, = jo' ' + 4HC1. 

i c;cu',H 

Cuprous Acetylene. Cuprosovinylic Hydrochloric 

chloride. ether. (Aoetylide add. 

of copper.) 

If ethylene has been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 

c;cu',H 

O + 4HC1 = 2C,H, + 2'Cii'A + OK,. 

c;cu',H 

Cuprosoyinylio Hydrochloric Acetylene. Cuprous Water, 

ether. (Aoetylide acid. chloride, 

of copper.) 

He-actions, — 1. When cuprosorinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen, evolved by the action 
' of the zinc upon the ammonia, unites with acetylene, producing 
ethylene: — 



f c;c<H 



. C,'Cu',H 


+ 21i, = 20,H, + 4Cu 


+ 


OH, ; 


CuproBovinylic 
ether. 


Acetylene. 
Acetylene. Ethylene. 




Water. 



2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid : — 

0,H, + SO,Ho, = SO,(C,H30)Ho. 

Acetylene. SulphoKc Vinyl-Bulphurio 

acid. add. 



24 OROAKIC RADICALS. 

3. Acetylene unites with bromine, forming acetjlenic dibro- 
mide : — 

"'C'A + Br, = "0",H,Br,. 

AMtjlene. Aoetjlenio 

dibromide. 

4. By agitating acetylene with solution of potassic perman- 
ganate, oxalic acid is formed :— 

\CH "^ ^^* ~ tOOHo- 

Aoetjiene. Oxalic aoid. 

Carbonic anhydride and ormic acid are simultaneously pro- 
duced : — 



BSOKACETTLENE. 
CHBr. 



2^ 



By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, whicl 
is bromacety]ene, 

{cnlrlr = HBr + Br. + C,HBr. 

IHbromethjlenio Hydrobromio Bromaoetylene. 

dibromide. add. 



FHENTLENE or QJi^n-^ SEBIJES. 

The dyad radicals of this series are very little known. 
The following have alone been isolated : — 

Phenylene, CgH^. 
Toluylene or Stilbene, C^H^. 



um 



Etbjl 


{§:§: 


yields acetyl 


{Sgg- 


AUyl 


m. 


„ acryl 


{o:?:^- 


ahjfene 


CO,HJ' 


» glycolyl 


iOfi.or- 


Propylene 


(O.H,y 


„ Iflctyl 


(O.H.0)-. 


,. 




„ malonyl 


<O.H.O0». 



The constitution of the so-called compounds of these aegatiro 
radicals may, however, be more simply explained hoia another 
point of view ; and, in fact it will rarely be necesssiy for us to 
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recognize the existence of more than two negative radicals, in 
order to understand the whole range of negative organic com- 
pounds. These are : — 



Cyanogen {ggl N-C- 



Oxatyl, the molecule r»riTT 0=C — 



'6^ 



— c=o 



of which is dry {coHo* A i ' 

oxalic acid. II 

.H H 

These two radicals are the acidifjring principles of nearly all 
organic acids ; they are, therefore, highly important compounds. 
The semimolecule of each consists of an atom of carbon, one 
bond of which is £ree to combine with other elements or groups 
of elements, the other three bonds being saturated, in cyano- 
gen by triad nitrogen, and in oxatyl by one atom of oxygen 
and one semimolecule of hydroxyl. In the molecules of both, 
the two free bonds of the carbon saturate each other. 

These radicals are closely related to each other. Thus, if 
cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate : — 

Cyanogen. Water. Ammonio oxalate, 

t 

In the presence of potassic hydrate, cyanogen evolves ammonia 
and produces potassic oxalate : — 

gg;;; + 2KHo + 20H, = { ggl^ + 2NH.. 

Cyanogen. Fotaerio Water. Fotassio ATwwAnU. 

hydrate. oxalate. 

From these salts, oxalic acid, or the molecule of oxatyl, may 
be readily obtained by the action of sulphuric acid. 
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In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
this salt to the action of heat : — 



nt 
in* 



fCO(N'H,0) _ Qg. fON 

Ammonic oxalate. Water. Cyanogen. 



CTANOGEK. 

r CN'" p 

\ ON'" ^^ ^^a- 

Molecular weight =52. Molecular volume fTI - \ litre weighs 
26 criths. Fuses at —34° Boils at — 20°-7. 

Occurrence. — Amongst the gases of blast furnaces, — a proof 
of its withstanding an extremely high temperature. 

Preparation. — By the action of heat on mercuric cyanide ; — 

HgCy, = Hg + Cy,. 

Mercnrio PTanogen. 

cyanide. 

This equation only partially expresses the reaction, as a brown 
non-volatile compound (paracyanogen), Cy„ is simultaneously 
produced. 

Reaction. — Cyanogen unites directly with potassium : — 

Cy, + K, = 2KCy. 

Cyanogen. Potaaaic 

cyanide. 



HTDBOCTANIC ACID. 



Nc ^^ ^^^• 



Molecular weight =27. Molecular volume I I I . 1 litre of hg^ 
drocyanic acid vapour weighs 13*5 criths. Sp. gr. of liquid 
0-7058. Fuses at —15°. Boils at 26°-5. 
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JPreparation. — 1. In the anhydrous condition, by passing 
kjdrosulphuric acid over mercuric cyanide : — 

HgCy, + SH, = HgS"- + 2HCy. 

Mercario Sulphuretted Mercurio HydroOTsmo 

cyanide. hydrogen. ■olphide. aoia. 

2. By distilling potassic cyanide, or ferrocyanide, with dilute 
sulphuric acid : — 

2KCy + SO.Ho, = 2HCy + SO.Ko,. 

Potaasio Sulphuric Hydrocyanic PotasBsic 

cyanide. acid. acid. •olphate. 

3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 

COKo, + C, + N, = 2KCy + 3C0. 

Potaasic Potaasio Carbonic 

carbonate. * cyanide. oxide. 

The potassic cyanide thus formed is then treated according 
to process No. 2. 

4. By heating together an alcoholic solution of ammonia, 
chloroform, and potassic hydrate :— 

NH, + CHCl, + 3KHo = 3KCI + NCH + 30H,. 

Anunonia. Chloroform. Hydrocyanic 

acid. 

Reactions, — 1. Hydrocyanic acid in contact with water slowly 
passes, partly into ammonic oxalate as mentioned at p. 26, and 
partly into ammonic formate : — 

NCH + 20H, = {cO(N''H,0). 

Hydrocyanic Water. Ammonic 

add formate. 

2. If hydrocyanic acid be mixed with concentrated hydro- 
chloric acid, formic acid and ammonic chloride are produced : — 

NCH + 20H, + HCl = {oOHo + ^^fil. 

Hydrocranic Water. Hydrochloric Formic Ammonic 

acio. acid. acid. chloride. 

3. The displacement of the hydrogen in hydrocyanic acid by 
metals gives rise to a very extensive series of single and double 
cyanides. The following is a list of the most important of 
these compounds : — 
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Single Cyanides, 

Potassic cyanide KCy. 

Zincic cyanide ZnCy,. 

Cadmic cyanide CdCy . 

Nickelous cyanide NiCyy 

Argentic cyanide AgCy. 

Mercuric cyanide HgCy^ 

Aureus cyanide AuCy. 

Cuprous cyanide 'Cu'^Cyj. 

Ferrous cyanide PeCy^. 

Cobaltous cyanide CoCya. 

Double Cyanides. 

Dipotassic zincic tetracyanide K^Zn", Cy^. 

Dipotassic cadmic tetracyanide K^Cd", Cy^. 

Dipotassic nickelous tetracyanide K^Ni", Cy^. 

Potassic argentic dicyanide K Ag, Cy^. 

Potassic aureus dicyanide KAu, Cy^. 

Potassic auric tetracyanide EA.u"', Cy^. 

Dipotassic cuprous tetracyanide K^'Cu'^, Cy^. 

Dipotasssic platinous tetracyanide K^Pt", Cy^. 

Tetrapotassic diplatinic decacyanide K^/Pf'^Cyu,. 

Tetrapotassic ferrous hexacyanide. (Po- 
tassic ferrocyanide.) K4, Fe"Cy,. 

Hexapotassic diferric dodecacyanide. (Po- 
tassic ferricyanide.) Kg, '¥e"'^Cy^^, 

Hexapotassic dicobaltic dodecacyanide. 

(Potassic cobalticyanide.) Kg, 'Co"\Cj^^. 

Hexapotassic dichromic dodecacyanide . . . Kg, 'Cr'^Cj^^. 

Hexapotassic dimanganic dodecacyanide . . . Kg'Mn'''^, Cyj^. 

The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates : — 

KCy + O = CyKo. 

Potassic Potassic 

cyanide. cyanaJbe. 

Some of the single cyanides, as potassic cyanide, are readily 
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decomposed by acids ; others, as ferrous and aureus cyanides, 
may be boiled with moderately strong acids without decom- 
position. 

Most of the insoluble single cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic acid, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracyanide. These are called easili/ 
decomposable cyanides, and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K^, Pe''Cyg, and the potassic ferricyanide 
K., Te"',Cy,, 



POTASSIC FERBOCTANIDE. 

K„ re"Cy, or K.Cfy. 

Preparation. — 1. By placing a mixture of iron filings and 
solution of potassic cyanide in contact with the air, oxygen is 
absorbed and potassic ferrocyanide produced : — 

Fe + 6KCy + OH, + = K,Fe"Cye 4- 2KHo. 

Fotswaio Water. Potassic Potassic 

cjanide. ferrocyanide. hydrate. 

2. By digesting potassic cyanide with ferrous sulphide : — 

PeS" + 6KCy = K,Fe"Cye + SK,. 

Ferrous Potassic Potassic Potassic 

aulpliide. cyanide. ferrocyanide. sulphide. 

3. On a manufacturing scale it is prepared by fusing nitroge- 
Bous animal matter with potassic carbonate and iron filings in 
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iron vessels, lixiviating the resulting mass with water, and crys- 
tallizing. 

Jteactions, — 1. Potassie ferrocyanide, when fused with po- 
tassic carbonate, forms potassie cyanide and cyanate : — 

re"CyeK, + COKo, = 5KCy + CyKo + Fe + CO,. 

Fotaasio Fotaasio Fotaasio Fotasaio Carbonic 

ferrocyanide. carbonate. cyanide. cyanate. anhydride. 

2. By mixing solution of potassie ferrocy aside with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated : — 

Pe"CyeK, + 4HC1 = 4KC1 + Yq'Qj,^^. 

Fotassio Hydrochloric Fotassic Hydroferrocyanic 

ferrocyanide. acid. chloride. acid. 

3. Potassie ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air : — 

re"Cy,K, -I- SO,Peo" = re"Cyere"K, -f SO.Ko,. 

Fotasaic Ferrous Light-bine Fotaasic 

ferrocyanide. sulphate. precipitate. sulphate. 

4. With ferric salts it gives prussian blue : — 
3re"CyeK, + 2Pe,Cle = 3re"Cy„ 2'Fe"',Cye + 12KC1. 

FotassJo Ferric Fnusian blue. Fotaasic 

ferrocyanide. chloride. chloride. 

6. "With cupric salts it gives a red precipitate of cupric ferro- 
cyanide : — 

K,Pe"Cye + 2SO,Cuo" = Cu",Fe"Cye + 2S0,Ko,. 

Cupric Cupric Fotassic 

sulphate. ferrocyanide. sulphate. 



Fotaasic Cupric _ Cupric Fotassic 

ferrocyanide. 



POTASSIC FESRICYAinDE. 

K:„'Fe"',Cy„orXCfdy. 

Preparation, — By the action of oxidizing substances, such as 
chlorine or nitric acid, on potassie ferrocyanide : — 

2K,Pe"Cye + CI, = KeTe'",Cy,, + 2KC1. 

Fotassic Fotassic Fotassic 

ferrocyanide. ferricyanide. . chloride. 
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BeacHon, — Potassic ferricyanide produces no precipitate with 
solutions of ferric salts, but causes a deep-blue precipitate with, 
ferrous compounds : — 

K,Te"',Cy„ -f 3S0,Feo" = re'VFe'",Cy„ + 8SO,Ko,. 

Potaasio Ferrous sulphate. Tambull'i blue. Potaiaio 

ferricyanide. ndphate. 



OTHES COMPOUNDS OF CTANOaEN. 

There are three isomeric chlorides of cyanogen : — 
Cya. Cy.Cl,. Cy,Cl,. 

Gbseooa. Liquid. Solid. 

The molecular volume of all three cyanic chlorides is QZl* 

1 litre of gaseous cyanic chloride weighs 30*75 criths. 

llitre of vapour of liquid cyanic chloride weighs .. . 61 '6 „ 
1 litre of vapour of solid cyanic chloride weighs ... 92*25 „ 

Cyanogen produces, with hydroxyl, three isomeric acids and 
an isomeric neutral body : — 

Cyanic acid CyOH or CyHo. 

Cyanuric acid CjfiJI^ or CygHo,. 

Fulminuric acid CyjOjHj or CyjHo,. 

Cyaraelide Cy^O„H„ or Cy„Ho„. 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the^ solution contains potassic sulphocyanate : — 

CyK + S = CyKs. 

Potaasio Potassic 

cyanide. sulphocyanate. 

This compound produces with ferric salts a blood-red colour. 



OXATTL. 

rcoHo 

1 COHo- 
This radical, in the isolated condition, constitutes dry oxalic 



OXATYL. 
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acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acids. Acids 
containing one semimolecule of oxatjl are monobasic, those 
containing two are dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 



H 

I 
H— C— 

I 
H 



H 



TT Bfethyl. ( 



ON"" 



CyanopHL 



o=c- 

I 

o 



-c 

i 

I 

H 



.0{ 



COHo 
COHo- 

OzatjL 



In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being satu- 
rated by three atoms of hydrogen. In cyanogen the carbon 
atoms are united in the same manner, but the three remaining 
bonds of each carbon atom are saturated by triad nitrogen ; 
whilst in oxatyl the three remaining bonds are saturated with 
the dyad element oxygen and the monad radical hydroxyl. 

Oxatyl has not been united with chlorine to produce oxatylic 
chloride (COHoCl); nor has its hydroxyl been replaced by 

chlorine to form < QQpi- When treated with phosphoric 

chloride, it yields carbonic oxide and carbonic anhydride : — 



fCOHo 
\COHo 



4- PC1« = CO + CO, -f 2Ha + POOL 



OxatjL Fhosphorio Carbonio Carbonio Hydroohlorio Phosphoric 
chloride. oxide. anhydride. add. oxytrichloride. 
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OXALIC ACID. 

{ OOHo' 2°^» (cryBtallked). 

Occurrence, — In the form of the hydric potassic salt in Oxalis 
aeetosella, and in the form of different salts in manj other 
plants, and also in the animal organism. 

JPreparation. — 1. From its elements through the medium of 
potassic cyanide. (See pp. 26 & 28.) 

2. By passing carbonic anhydride over heated sodium : — 

2C0. -H Na, = (ggj- 

Carbonio Bodio oxalate. ' 

anhydride. 

3. By the oxidation of a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and water : thus sugar is transformed into oxalic 
acid by the action of nitric acid. 

4. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Tramformations, — 1. By the action of heat, oxalic acid is 
transformed into carbonic anhydride and oxatylic hydride, or 
formic acid : — 

fOOHo _ CO 4. /^ 

Ozalio add. Carbonio Formic acid, 

anhydride. 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide : — 

{cOHo - OH-+ CO. 

Formic add. Water. Carbonic 

oxide. 

2. Substances having a strong attraction for watev, such as sul- 



^■RPHPTH ' i. 
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phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride : — 

{colo » CO + CO, + OH.. 

Oxalic add. Carbonic Carbonio Water. 



Carbonic 
oside. 



Carbonio 
anhjdride. 



3. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

(cOKo + 2KHo = 2C0K0, + H,. 



Foiasrio 
oxalate. 



Fotaasio 
hydrate. 



Potaario 
carbonate. 



4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 

{c8i|; = 2C0, + Ag,. 



JurgenUo 
onlate. 



Carbonio 
anhjdride. 



Salts of Oxalic acid. — Oxalic acid forms three series of salts : — 



Normal. 

fCOKo 
t COKo- 



fCO 

too 



Bao". 



Add. 

fCOHo 
t OOKo- 

rCOHo 

CO 
-^Bao" , 

CO 

COHo 



Superacid. 

f COHo f COHo 
tCOKo' jCOHo- 



OZAHIC ACID. 

fCO(N"'H,) fCOAd 
\COHo ""^ \COHo- 

Preparation. — ^By heating hydric ammonic oxalate to 280° : — 

fCO(N'H,0) _ JC0(N"'ri,) . Q„ 
tcOHo - \COHo + °^ 



Hydrio ammonio 
oxalate. 



Oxamicaoid. 



Water. 



Beaction, — By boiling oxamic acid with water it is retrans- 
formed into hydric ammonic oxalate. 

d2 
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OZAIOSE. 

f CO(N"'H,) „, f CO Ad 
t CO(N"'H,) °^ \ OOAd- 

Preparation. — 1. By distilliDg normal ammonic oxalAte : — 

rCO(N'H,0) _ 20H + fCO(N"'H,) 
tCO(N»H,0) - ^"^» + tCO(N"'H,)- 



"Normal ammonio 
oxaUte. 



W*ter. 



Ozamidel 



2. By acting upon ethylic oxalate by ammonia : 
fCOEto 21»H c= ;CO(N'"H,) 



I COEto 

EthyHo 
oxalate. 



Ammonia. 



\co(]sr"'Hj 

Oxamide. 



+ 



2EtHo. 

AloohoL 



Bea-ctions, — 1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen : — 

fCO(N"'H,) _ ,ojj . fCN'" 

Oxamide. Water. Cyanogen. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts : — 



fCO(N'"H,) 
tCO(N"'H,) 

Oxamide. 



20H. = 



Water. 



fCOHo 
tcOHo 

Oxalioaoid. 



+ SO,Ho, + 

Snlphnrio acid. 

+ SO.(N'H,OX. 

Ammonio sulphate. 

By distilling the oxalates of the compound ammonias instead 
Df ammonic oxalate, compound oxamides are obtained : — 

rC0(N^MeH30) _ „riTT _. /CO(N'"MeH) 
\C0(N'MeH30) ~ ^"^« + \ CO(]Sr'"MeH) " 

llethylammonic oxalate. Water. Dimethjloxamide. 

rO0(N'PliH,0) _ „o„ , rCO(N"'PliH) 
tCOCIf'PliH.O) - ^^^ + \CO(N"'PhH)' 

Fhenylammonio oxalate. Water. Diphenjlouunide. 
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CHAPTER V. 

HYDRIDES OF TH|! ORGANIO RADIOALS. 

This family is divided into two classes : — 

Class I. Hydrides of the Positive Eadicals. 
Class II. Hydrides of the Negative Eadicals. 



Class I. 

HYDBIDUS OF THE JPOSITIVJS RADICALS. 

Two series of hydrides helonging to this class are well known ; 
they are : — 

1. Hydrides of the Radicals of the Methyl series. 

2. Hydrides of the Eadicals of the Phenyl series. 



1. HTDBIDJSS OF TRE EADICALS OF THE 
METHYL SEBIES, Marsh^gas or C^Ha^a Series. 

There is some difference of opinion as to whether these com- 
pounds are identical or isomeric with the radicals of the methyl 
series. Thus methyl and ethylic hydride both contain C^H,, 
and ethyl and butylic hydride both contain C^H^,,. The graphic 
formulae exhibit no difference between these pairs of bodies re- 
spectively. Thus : — 

6 H c H H ^ H H 

I I 



E- 



a H 

X 



H 



C— H 



H— 



— C— C- 



C— C— H 



H H ' H H 



Methyl or etihjlio hydride. 



Ethyl or bntylio hydride. 

These formulsB do not show us whether the molecule of 
methyl or ethylic hydride will separate at a and so be represented 

by the formula •! -rr \ or at h and so be written thus, 
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CH.. 



( 



Q^ ; or whether the molecule of ethyl or butylic hydride 

will separate at c, and so be formulated 'j -^ ^^^ ^ — or at J, 

when it should be represented by -I nJoH ^H* * Some experi- 
ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
be conceived on the supposition that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation, — 1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals: — 

ZnCCfli^x), + 20H, = ZnHo, + 2|^-^**^'- 

Zino oompoand Water. Zinoio Hydride of 

ofradioaL hydn^. radical. 

The ooiresponding compounds containing more, positive 
metals might doubtless be substituted for those of zinc. 

2. There are several special processes which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
methyl may be obtained, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc : — 

2|C»H^, + zn = Zal, + C,H^ + | 

Iodide of the monad Zinoio ^^I^ Hydride of 

xadioal. iodide. racUoaL numad radical. 

Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 

Character. — They are all distinguished by their great chemical 



H 
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indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, &c. 

The following list contains the hydrides of the monad radicals 
hitherto studied : — 

Boiling-pointf. 
Methylio hydride, or Hanh-gaa MeH or G H^ 

Ethylic hydride EtH or C^ H, 

Propylic or tritylio hydride FrH or C, Hg 

Butylic or tetiylic hydride BuH or C^ H^^ slightly above 0® 

Amylic or pentylic hydride AyH or C^ H|, 3(f 

Hexylic or caproylic hydride CpH or C, Hj^ .68® 

Heptylic hydride ^ Ct Hj, 92-94** 

Odylic hydride C, H^, 116-118° 

NonyUc hydride C. IL^ 136-138* 

Decatylic hydride ^iA» 160-162* 

EndecatyHc hydride CuB^ 180-184* 

Dodecatylic hydride OJBCj, .196-20(f 

Tridecaiylic hydride CJl^ 216-218* 

Tetradecafcylic hydride '. OiJB^ 236-240* 

PentadecatyUc hydride ' C„H„ 266-260* 

H£THYLI€ HTDSIBE, Marsh^as, Light Carburetted 

Hydrogen, Mre-damp. 
CH. or MeH. 

Molecular weight =16. Molecular volume I I 1 . 1 litre toeigkt 
8 criths. 
Occurrence. — 1. As a product of the decomposition of orga- 
nic substances out of contact with air. 

2. Evolved in coal-mines. 

3. The gas of the mud-volcano at Bulgaaak in the Crimea is 
nearly pure marsh-gas. 

Preparation, — 1. By the action of water on zincic methide. 
(See general reaction, p. 38.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 



{ 



gg^^ + KHo - OOKo, + OH.. 

Potaiino Potaano FotMsio MeCh^rUo 

aioetate. hydrate. carbonate. hydride. 
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3. Bj the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water : — 

CCl, + H/ = 4HC1 + CH,: 

Carbonic Hjdroohlorio Meth;^lio 

chloride. ftoid. hjdnde. 

CHCl, + H. = 3HC1 + OH,. 

Cblorofono. Hjdroohlorio Methjlio 

add. hjdnde. 

4. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

CS", + 2SH, + 4Cu « 40uS" + CH,. 

Carbonic Sulphuretted Cnprio Hethjlio 

diaolphide. hjdrogen. solpnide. hjdnde. 

5. By the destructive distillation of organic substances, such 
as wood and codl. 

Betictions, — 1. When equal volumes of methylic hydride and 
chlorine are exposed to diffused daylight, methylic chloride ia 
formed : — 

CH, + CI, = HCl + CH,C1. 

Meth^fHo Hjdroohlorio Methrlio 

hjdnde. add. chloride. 

2. "WTien methylic hydride is passed through a red-hot tube, 
hydrogen, ethylene, acetylene, and ethylic hydride are pro- 
duced. 

ETHTUC HTDBIDE. 

C^He or CMeH,. 

Molecular weight =30. Molecular volume pp] , 1 litre weighs 
15 criths, 

Freparation, — 1. By the action of water on zincic ethide 
(see p. 38). 

2. By the action of ethylic iodide on sodic ethide, ethylene 
being simultaneously produced : — 

OMeH.lS'a + CMeHJ = Nal + C^, + CMeH,. 

Sodic ethide. Eth^Uo Sodic Ethjlene. Ethjrlic 

iodide. iodide. hjdnde. 
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BeacHona, — 1. When equal volumes of etliylic hydride and 
chlorine are exposed to diffused daylight, the following action 
takes place :- — 



OMeff3 


-¥ 


CI, - CMeH.Cl 


+ HCl. 


BthjUo 




fi Eth^Iio 


Hydroohlorio 


hydride. 




ohlonde. 


add. 



A small portion of the bodj CMeHj^Cl is ordinary ethylic 
chloride, which is a liquid, boiling at 12^*5 ; but the rest is a gas 
which does not condense at ^18°. 

2. When a mixture of two volumes of chlorine and one of 
ethyHc hydride is exposed to the action of diffused daylight, an 
oily liquid having the composition of ethylenic dichloride is 
formed : — 

OMeH, + 2C1, = C,H,C1, + 2HC1. 

Ethylio Hydroohlorio 

hydride. aoid. 

AMTLIC H7DBIDE. 

C«Hj, or CBuHj. 

Molecular weight a=72. Molecular volume m . 1 litre of 
amtflic hydride vapour weighs 36 criths. Boils at 30^. 

Occurrence, — ^In petroleum and coal-oil. 
Preparation, — ^By digesting zinc and amylic iodide with 
water or alcohol at 100** : — 

20BuHJ + 2Zn + 20II, = 2CBUH3 

Amylio Water. Amjrlio , 

iooUde. hydride. 

4- ZnHo, + Znl,. 

Zinoio Ziooio 

hydrate. iodide. 



FABAEFIN. 

C„Hft>4.2. 

This body is produced, together with numerous other com- 
pounds of a like nature, by the destructive distillation of bog- 
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head coal and similar substances. It is also found in petroleum 
and asphalt. Chlorine has no action upon paraffin in the 
cold; but if it be passed into melted paraffin, the latter 
is slowly attacked, hydrochloric acid being evolyed. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it 
was formerly considered to belong. In the formula CJl^^ifor 
paraffin, the value of n has not yet been satisfactorily deter- 
mined ; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 



2. HTDEIDUS OF THE RADICALS OV THE 

PHENYL SERIES. 
The following six members of this series are known, viz. : — 

BoOing- 
FormulflB. points. Sp. gr. 

o 

Pentol C,H^ 600 

Benzol C, H, 805 0*85 

Toluol C,Hg 110-0 0-87 

Xylol C,H„ 128-5 

Cumol C.Hj, 14,8-5 0*87 

Cymol C,oHi, 171-4 086 

Rreparation. — 1. These hydrides are produced by the distilla- 
tion of the alkaline salts of the acids containing the same posi- 
tive radicals, with excess of potassic hydrate : — 

{c^fo" + ^« = COKo, + {C«H.-,. 

Fotawio aalt. Fotanio Fotaasio Hydride of 

hydrate. oarbouate. radioaL 

2. By the destructive distillation of various organic sub- 
stances, such as coal. 

Methyl-phenyl, CgH^Me, is ordinary coal-tar toluol. 

Bthyl-phenyl, CgHgEt, is not xylol from coal-tar ; it boils 
at 135^, six or seven degrees above the boiling-point of coal-tar 
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xylol. Ethyl-phenyl produces a niiro-compound which can be 
distilled; it boils at 233^ Ethjl-phenyl, when oxidized by 
chromic acid, gives benzoic acid and carbonic anhydride, while 
xylol giyes terephthalic add. 

Xylol from coal-tar is dimethyl-benzol or methyl-benzyl, 
C^H^Me,. It may be produced by the action of bromotoluol 
upon methylic iodide in presence of sodium. 

Diethyl-benzol, by oxidation with chromic acid, giyes water, 
carbonic anhydiide, and terephthalic acid : — 

0,H,Et, -f 120 = C^H.CCOHo), -h 2C0, + 40H,. 

Diethyl bensoL Terephthalic aoid« 

Oxidized with dilute nitric acid, it gives ethylbenzoic acid : — 
CeH,Et, + 60 = C,H,Et(COHo) + CO, 4-'20H,. 

Diethyl-benioL Ethyl-bensoio add. 

Cymol from cumin oil and from camphor are isomeric. 

Methyl-xylol or trimethyl-benzol, C^HjMe,, is the cumol of 
tar. It boils at 165^-166^, and gives a compound with bromine 
fusing at 72°-.73°. 

Ethyl-xylol, dimethyl ethyl-benzol, OjH.Me^t, boils at 183°- 
184°, and by oxidation gives acetic acid and an acid resembling 
terephthalic. 

Properties, — These hydrides are distinguished from those of 
the radicals of the CMHan^.! series by being less indifferent to 
chemical agents. By treatment with strong nitric acid they 
yield nitro-compounds : — 

Thus Pentol, C, H^ gives nitropentol, C. H, (N^O,^ ? ' 
Benzol, C. H„ „ nitrobenzol, C, H, (N^OJ. 
Toluol, C.Hg, „ nitrotoluol, CtII,(N^0J. 
Xylol, C,H,o, „ nitroxylol, 0,H, (N^OJ. 

„ Cumol, C, Hj9 „ nitrocumol, C9Hii{N^0J. 

„ Cymol, C„Hi4, „ nitrocymol, OioH„(H^OJ. 

Under the influence of reducing agents, these nitro-compoimds 
yield aniline and its homologues. 

Pure nitrotoluol is solid at ordinary temperatures* It boils 
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at 237®. By reduction it gives tuluidiue ; and by the action of 
potassic chromate and sulpboric acid, paranitrobenzoic acid or 
nitrodracylic acid is formed. 

So-called liquid nitrotoluol is a mixture of nitrobenzol and 
nitrotoluol. 



BENZOL, Benzene^ Benzine, Bhenylic Hydride, 
Bicarhuret of Hydrogen. 



C,H:. or PhH. 



H H 



C-rC 

/ \ 
H— C C— H 



H 



A 



Molecular weiyht =78. Molecular volume pTI ' 1 ^*^^^ 9f 
henzol-vapour weighs 39 criths. Fuses at 5°*6. BoUs at 

Occurrence, — In Eangoon petroleum and in coal-tar. 
Breparation, — 1. By beating benzoic acid witb excess of lim© 
or baryta : — 

{cb^o + O»0 = {§•=• + cocao". 

Beasoioadd. Lime. BenzoL Oaldo carbonate. 

2. By beating tbe vapour of benzoic acid to redness, wben 
it splits into benzol and carbonic anhydride : — 

{c?Ho " CO, + C.H.. 

Benzoic add. Carbonic BensoL 

anhydride. 



SUBSTITUTION FAODUCTS FAOM BENZOL. 



3. By heating phthalic acid with lime : — 
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D;UA 


H- 


2CaO 


= 


C.H. 


+ 


200Cao". 


PhthaUo 




lime. 




Benzol. 




Caldo 


add. 












carbonate. 



4. By passing fats through red-hot tubes. 

5. By the destructive distillation of coal. 

6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 



SUBSTITUTION DEBIVATIVES OF BENZOL. 

I. Bromo-Cofnpounds. 

HONOBBOMBEKZOL. 

C;B[,Br. 
Both at 150^. 

Breparation. — ^By acting with two atoms of bromine on boil- 
ing benzol ; — 



Benzol. 



-h Br, = C^H^Br + HBr. 

Monobrombenzol Hydrobromio 
or phenylio add. 

bromide. 



DIBEOHBEKZOL. 

C.H,Br,. 

Fuses at 89''. BoiU at 219^. 

Preparation, — By treating monobrombenzol with excess of 
bromine. 



TEIBBOHBENZOL SSTDKOBEOXATE. 

Breparation.'^'hj exposing a mixture of benzol and bromine 
to the action of sunlight. 
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TBIBBOMBENZOL. 

Preparation, — ^By boiling the previous compound with alco- 
holic potash. 

The following graphic formulse show the probable atomic 
relations subsisting between benzol, tribrombenzol hjdrobro- 
mate, and tribrombenzol : — 

H H 

I I 

/ \ 
H— C C— H 

w // 

c— 

I I 

H H 

BensoL 

H H 

Br— C— C— Br 

Br/^^ ^\Br 
H— C— C— H 

Br Br 

Tribrombenzol hjdrobromate. 

H Br 

u 

/ \ 

Bp—C C— H 

\ // 

c— c 

H Br 

TribrombeiuBol. 
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II. Chloro-compounda, 

Beozol forms three chloro- substitution compounds, similar 
to the bromo-compounds just described. 

State of Fnaing- Boiling- 

aggregation, point point. 8p.gr. 



Monochlorbenzol ... CgHgCl, Liquid... 136°. 

Dichlorbenzol CeH.Cl,, Solid ... 89^ 

Trichlorbenzol CgHgCl,, Oily ... 210° 1457. 



III. NitrO'Compounds, 

Two only have hitherto been produced : — 

Nitrobenzol C^,(N'0,) or N(CeH,)0,. 

Dinitrobenzol C,H,(N^O^, or N,(C,H,)"0,. 



NITBOBENZOL. 

N(CeH.)0, or NPhO,. 

Molecular weight =123. Molecular volume I I I . 1 Utre of 
nitrohenzol vapow weighs 61*5 criths, JEktses at 3°. 
BdU at 220°. 

Preparation, — By the action of nitric acid on benzol : — 
OeHe + NO,Ho = N(C3H,)0, + OH,. 

BenioL Nitric add. NitrobensoL Water. 

Beactions. — 1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic add and iron, or potassic arsenite, nitrobenzol is con- 
verted into aniline : — 

N(C^.)0, + 8SH, = N(C.H,)H, + 20H, + S, 
or O.H,(N^0,) + 8SH, = C.H.(N"'H.) + 20H, + S.. 

Kitrobenxol. Sulphuretted Aniline. Water. 

hydrogen. 

2. Nitrobenzol is also converted into aniline when itft 



48 



HYDRIDES OF THE POSITIVE RADICALS. 



vapour, mixed with hydrogen, is passed over spongy palla- 
dium : — 



N(C.H.)0 

Nitrobenzol. 



. + 3H, 



= N(C.H,)H, + 20H, 



Aniline. 



Water. 



The relation between nitrobenzol and aniline will be seen in 
the following graphic formulae : — 



H— 



H H 




Lc^ 





/ \ 

c c- 


1 

-N 


c c 


1 

• 




1 

H H 




Kitrobenxol. 





H H 



H— 



c 


c 


H 


/ 


\ 


1 


c 


C— N 


\ 


// 




c 


C 


:i 


i 


K 




Aniline. 





3. By the action of sodium amalgam and water, nitrobenzol 
is converted into azobenzol, and finally into hydrazobenzid :— 



2N'(C.H.)0, 

19'itrobenkol. 

.,fN{C,H.) 

AMibeiiMO 



+ H. 



+ H. 



" ; N(C,H,) 
I N(C,H.) 

Azobenzol. 



+ 



f N(C,H.)H 
tN(C.H,)H* 

Hydrazobenzid. 



40H,. 

Water. 
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DINITBOBENZOL. 



Fuses below 100°. 



Preparation, — By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

Reaction, — By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline : — 



N,(C,H,)"0« + 3SH, =- 



fNO, 
(C.H,)" + 20H, + S,. 



NH, 



DinitrobensoL Solphnretted Nitraailine. Water. 

hydrogen. 



Class II. 

STDEIJDJES OF KFQATIVF BADICALS. 

Only two of these are known : — 

Cyanic hydride or Hydrocyanic acid. 
Oiatylic hydride or Formic acid. 

The first has already been considered (p. 27) ; and the second 
will be more conveniently studied in connexion with the fatty 
acids (p. 121). 



CHAPTEE VI. 

THE ALCOHOLS. 

The alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is derived from marsh-gas by the 
substitution of one semimolecule of hydroxyl for one of 
hydrogen. 

VOL. II. B 
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CH^. CH,Ho. 

H H 

H— C— H H— C— 0— H 

I 
H 

ICarsh-gas. Metiiylio alcohol. 



i 



. The alcohols have been termed the hydrated oxides of the 
positive radicals ; but this is eroneous, as they do not contain 
water. They may more correctly be defined as the compounds 
of hydroxyl with the positive organic radicals, whence it follows 
that each series of positive radicals forms a corresponding 
series of alcohols. The alcohols act upon and saturate acids, 
forming a family of compounds termed ethereal salts. The 
acidity or acid-saturating power of the alcohols depends upon 
the number of semimolecules of hydroxyl which they contain : 
the monad radicals give monohydric alcohols, or alcohols con- 
taining only one semimolecule of hydroxyl, the dyad radicals 
dihydric alcohols, &c. We have thus the annexed three prin- 
cipal subdivisions of the alcohol family. 

Monohydric Dihydrio. Trihydric. 

Methyl or C„H2»+iHo 

series. 
Vinyl or CnH2«-.iHo 

series. 
Phenyl or CnH2n-7Ho 

series. 

The following symbolic and graphic formulsB will exemplify 
the disposal of the bonds in these three subdivisions : — 

Momhydrio Alcohols. 

(Methyl series.) J ^ ' [ UHjilo 

H H H 



Glycol or CMstJ^o^ 

series. 
Orcin or CnHsn-sHOs 

series. 



€HyoerinorO»H2n-iHOg 

series. 
Pyrogallio or C„Hto-o 
LOg series. 



H H H 
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Allylic alcohol. 1 «tttt fCCCKyH 

(knyl series.) ] = ^'H.Ho or { gj^^^^^ . 



H 



H— C=C— C— 0— H 

I t I 
H H H 



Benzoic alcohol. 1 /< rr rr- „- / C,H, 

iPkenyl series.) \ = '^'"''^*' °' \ CH^Ho" 



H H 

C=C H 

/' \ I 
H— C C_c— O— H 

W // I 

C— C H 



H H 

Dihyirio Alcohols. 

^'hofcjJSU - O.H.H0, or { g(f g.)HHo, 
glycol J |.vn,xio 

H H H 
H— C— C— C— H 

II 

H H 

Trihydric Alcohols. 

f OH,Ho 
Glycerin «=» C,H,Ho, or -j CHHo. 

H H H 

111, 
H_C-C-C— H 

III 


I J I 

H H H 
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MONOHTDBIC ALCOHOLS: 
Methyl or C«H2n+iHo series. 
These alcohols may be divided into three classes, viz. : — 

1. Monohydric normal alcohols ' \ qh Ho*^ 

secondary „ {c(cfc!^^^ 

3. „ tertiary „ {g^g^-;^^^^^ 

la the general formula of the normal alcohols n may =0, 
and even the whole radical C(C„H2i,+i)H2 may be replaced by 
liydrogen, as is the case in methylic alcohol. In the formulae 
of the secondary and tertiary alcohols n may also =0, but m 
must always be a positive integer. 

NORMAL MONORTDBIC ALCOSOLS. 

General formula | cfl "h^"^'^"^'' 
The following is a list of the members of this class : — 

Fnsing- Boiling- 
pointa. points. 

Methylic alcohol I^g- ^^ 66^-5. 

EthyHc alcohol {cH^Ho ^®''"*- 

cohol lcH,Ho °^ IcH^Ho/ ^^ ' 

Butylic or tetryUc al-JCEtHg ^, J'C(aH.)H2 „ko 

cohol :. icH,rfo ^'ack,w — ^1^- 

IsobutyKc alcohol {^^^^^ or {^^l^ — 109o. 

Amylic or pentylio al- fCPpHo ^^ /C(C3H-)H2 -,^^0 

c8hol ..r..... IcH.rfo ^^ 1CH,W ^^^ • 

IsamyHc alcohol 1^^' ^'' (cH H?^^^' "2^''- ^^°- 

Pseudamylic alcohol ... { g™or { ^^^^^^^^^^ - 128^. 
CaproyHo or hexylic alcohol I C^Ho ^^°- 
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Fusing- Boiling- 
points, points. 

(Enanthylio or heptylio alcohol (cH^H ^'^^°* 

Cappylio op octylic alcohol ^ c§& ^^^' 

Nonylio alcohol {c^&o ^^^'v 

Deoatyiio alcohol {cH^&o ^^^''• 

Cetylio alcohol {cH^o ^°* 

Cerotio alcohol {cS^o '^^' 

Meliflsio alcohol (cfi^o ®^°- 

The lower members of the class are liquid, and the higher 
solid. They are produced in a variety of operations, such as 
destructive distillation, fermentation, and animal secretion, but 
by reactions which cannot usually be traced. 

Belatiom of {he normal C„H2„+iHo alcdhoU to the monad C„Hs^i 

radicah. 

1. The radicals C„H2,^.i which are combined with hydroxyl in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 96), and subsequently acting on 
the iodide by zinc (see p. 11). 

2. The radical next lower in the series, than that contained in 
the alcohol, may be obtained by converting the alcohol into the 
corresponding fatty acid, and then submitting a salt of this acid 
to electrolysis (see p. 119). 

3. Inversely, the normal alcohols maybe obtained by acting 
upon the normal radicals with chlorine under the influence 
of light, when one atom of hydrogen in the radical is dis- 
placed by chlorine. 

Thus in the case of methyl we have 

{^ + C'» = {ci:Cl + HCl: 

Kethyl. Chlorinated Hydrochloric 

methyl. aoid. 
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by the action of potassic hydrate upon this chlorinated methyl, 
ethylic alcohol is formed, thus : — 

(c^Ci + KHo = {g|H„ + KCl. 

Chlorinated Fotaamo Ethylio Fotassio 

methyl. hydrate, alooaol. chloride. 

This reaction requires further investigation (see p. 55). 



Belations of the normal C„B»^iHo alcohoU to the dj/ad G»Hs» 

radicals, 

1. The CnRsn radicals are obtained from the normal CnHj^+iHo 
alcohols by the abstraction of the elements of water : — 

{chIho - oh, = ''{ck: 

Ethylic Water. Ethylene, 

alcohol. 

2. Inversely, the normal alcohols are obtained from these 
radicals by first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodic acid, and then treating the product with 
potassic hydrate : — 

Ethylene. Hydroohlorio Ethj^lio 

add. chloride. 

(C^'CI + Kfio = {g^^ + KCl. 

Ethylic Fotassio Ethylio Fotassio 

chloride. hydrate. aloonol. chloride. 

Or by uniting the, dyad radicals with sulphuric acid, and 
distilling the produ<5t with water : — 

SO,Ho, + 0,H, = SO,Ho(C,H,0) ; 

Sulphuric , Ethylene. Sulphovinio acid. 

acid. 

« 

SO^EtoHo + OH, = SO,Ho, + EtHo. 

Sulphovinio Water: Sulphuric Ethylic 

acid. acid. alcohol. 
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Behtions of the normal C„H|^iHo alcolioU to the hydridea^ 

of the CnHi^i radieaU. 

1. When the alcohols are converted into iodides (see p. 96) 
and the latter digested with zinc and water at 100^, the corre- 
sponding hydrides are produced (see p< 88). 

2. When the hydrides of the Gn'H.2^1 radicals are acted 
upon by chlorine under the influence of light, they produce 
the chlorides of the radicals, from which the alcohols may be 
obtained by the action of potassic hydrate : — 

EtH + CI, = Eta + HCl; 

EthjUo Eth^lio Hjdrochlo- 

hydride. chloride. rioacid. 

EtCl + KHo = EtHo -f Ka. 

Ethylio Potassio Ethvlio Fotassio 

chloride. hjdrate. aLconol. chloride. 

The greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and possibly gives a 
corresponding isomeric alcohol. 



^lotions of the CnHj^i^iHo alcohols to the radical ci/ano^e^. 
Ascent of the alcohol series, Mendius^s reaction. 

By the dry distillation of potassic sulphovinate and its homo- 
logues with potassic cyanide, the nitriles or abnormal cyanides 
of the radicals are produced : — 

EtCy. 

Ethylic 
nitrile. 

By treatment with nascent hydrogen, this ethylic nitrile 
is converted into propylamine : — 

NC(CMeH,) "f H, = N[C(CMeH,)H,]H, or NPrH,. 

Ethylic nitrile. Fropjlamine. 



SO^EtoKo + "FTCy = 


= SO,Ko, 


4- 


Potaasio Potassio 


Potassic 




sulphovinate. cyajiide. 


sulphate. 
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By the action of nitrous anhydride, propylamine is trans- 
formed into isopropyUc alcohol :— 

2NPrH, + N,0, = 2/3PrHo + OH, + 2N,. 

Fropylamme, Nitrons Isopropylio Water. 

anhydride. aloohol. 

It is obyiouB that by repeating these reactions on isopropjlic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. But the alcohols are, if possible, secondary or 
tertiary. 

XETHTLIC ALCOHOL, Wood Spirit, Fyroxylic Spirit 

CH3H0 or MeHo. 
Molecular weight sa32. Molecular volume nTI . 1 Hire of 
methylic alcoTiol vapour weighs 16 critlis, 8p, gr. 0*798. 
BoiU at 66°-5. 

Preparation. — 1. From marsh-gas, by the action of chlorine 
and subsequent treatment with potassic hydrate:—^ 

CH, + CI, = CH3CI + HCl; 

Marsb- Methylio H^drochlo- 

gas. chloride. rio acid. 

CH,C1 + KHo = CH3H0 + KCl. 

Meihylio Potassio Methjlio Potassic 

chloride. hydrate. alcohol. chloride. 

2. Prom the essential oil of Gaultheria procumbens, by the 
action of potassic hydrate : — 

C^H^OMeoHo + KHo = C.H^OHoKo + MeHo. 

Oil cf Gavitheriapro'- Potassic Potassic salicylate. Methylio 

eumbeng. (Metho- hydrate. alcohol, 

salicylic acid.) 

3. By the destructive distillation of wood. 

Reactions. — 1. Methylic alcohol unites with some salts in the 
capacity of water of crystallization, as, for instance, — 

CaCl„2M:eHo. 

2. By the action of potassium and sodium, methylates are 
formed with elimination of hydrogen : — 

CH3K0. CHgNao. 

Potassic Sodic 

jnethylate. methylate. 
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3. Bj oxidation it is transformed into formic acid: — 

{cH^o + 0, = {cOHo + ®^«- 

Metiiylio Forn^^o add. Water. 

^ aloohol. 

4. "When distilled with calcic cbloro-bypoclilorite (chloride of 
lime) and water, chloroform is produced. 

^CaCl 
O 

Ca" 

2OH3H0 + 40a(0Cl)Cl = 2OHCI3 + ^ O + 30H,. 

Ca" 

CaCl 

Methylio Galcio ohloro- Chloroform. Caldoozj- Water, 

aloohol. hypoohlorite. chloride. 



ETHTLIC ALCOHOL, Alcohol, Spirit of Wine. 

Molecular weight =46. Molecular volume 1 I 1 . 1 litre of 
ethylic alcohol vapour weighs 23 criths, 8p, gr, 0*792 at 
20°. JBoils at 7S'''4i. 

Preparation, — 1. From ethylene (p. 64). 
2. By the fermentation of grape-sugar with yeast at a tempe- 
rature of about 22° : — 



v. 



C.H„0, » 2C,H,Ho + 2C0,. 

Grape-aagar. Ethylio Carbonic 

aloonoi. anhydride. 

At the same time, however, other products are formed, but 
in very small quantities. 

Beactions. — 1. Treated with potassium or sodium, alcohol 
forms ethylates : — 

fCH, fCH, 

t OH,Ko* 1 OH,Nao- 

Fotaenic Sodio etbylate, 

ethylate 
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2. When passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 

0,H.Ho = CH, + H, + CO. 

Ethvlio Manh- Carboaio 

aioonoL gas. oxide. 

Small quantities of ethylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 



■{ 



C^E. + - {o^ + °=- 

EtihTlio 
aioonoL 



EtihTlio Aldehyde. Water. 



tcOH + " - \OOHo- 

Aldehyde. Aoetio acid. 

4. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 

Alcoholates are salts containing alcohol in the place of water 
of. crystallization ; they are mostly decomposed immediately by 
water. 

The following are known : — 

ZnCl,, 2C,H,Ho. 
CaCl,, 4C,H,Ho. 
N,0,Mgo",6C,H,Ho. 



5. Treated with chlorine as long as hydrochloric acid is 
evolved, it is transformed into ethyHc chloride and chloral 
hydrate (the aldehyde of trichloracetic acid) : — 

Sthylic alcohol. Chloral hydrate. Ethylic 

ohkoide. 
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XEBCAPTAN, Sulphur Alcohol, Ethylio aulphhtfdrate, 

Sydro9ulphate ofHthyl, 

Moleeuhr weight 8 62. MoUouhr volume rn « 1 litre of 
meroaptan vapour weight 31 critha. 8p, gr, of liquid 
0-836. Boils at 63°. 

Preparation, — By distilling potassic sulphovinate with po- 
tassic sulphhydrate : — 

SO^EtoKo + KHs = EtHs + S0,%,. 

Fotaasio Potaaaio ICerottptaa. Potassio 

snlphoYinato. gnlphhydrete. sulphate. 

Beaetiom. — ^1. By the actian of potassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, pro* 
ducing tnercaptides : — 



( 



OH, fCH, 

CH,K8- t OH,Na8- 

Fotonuo Sodio 

mercaptide. meroaptide. 



2. Mercaptan acts upon mercuric oxide with great energjE,a 
wUte crystalline mercuric mercaptide being formed:— 

|CH. 
2{o^s + H«0 = Ic^Hgs" + OH., 

Meroaptan. Meronrio Heronrio Water, 

oxide« meroaptide. 

Propylic alcohol, \ qhl H *» ^^ obtained from the fusel oil 
of the marc brandy of the south of Erance. 

Butylic alcoholi \ nn fi^' ^® contained in the fusel oil pro- 
duced in the preparation of spirit from the molasses of beet- 

{CEtlT 
CHLHo ^® <^^**"i^' 

from butylic acid by Piria and Wurtz's reactions, described at 
p. 120. 
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Amylio alcohol, \ q^^qj ^ ^^^ ^^^^ constituent of the 

fusel oil obtained in the manufacture of alcohol from potatoes 
or grain. Two other normal, isomeric amjlic alcohols are 
given in the Table at p. 52. 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two preriouslj described. 



SECONDARY MONOHTDBIO ALOOSOLS. 
General formula... (g[g^-^)^^. 

The secondary alcohols differ from the normal in yielding, 
by oxidation, ketones instead of acids. 
Seven secondary alcohols are at present known : — 

Isopropylic alcohol or dime- f OH3 ^'^^' 

thylcarbinol 1 CMeHHo ^^• 

Methylethyl carbinol {cEtHHo ®^- 

Methylpropyl carbinol {cPrKHo ^^^• 

Methylisopropyl carbinol . . . | cMemo ■^^^• 

Pseudohexylic alcohol or me- / CPrH, -. o/» 

thylbutyl carbinol j OMeHHo ■^'^^• 

Methylhexyl carbinol Jc^'h )BKo ^^^' 

Methylnonyl carbinol j q^ ^ ^HHo ^^^' 

The first is obtained by the action of nascent hydrogen on 
/icetone : — 

jCOMe + -t^^? - t CMeHHo' 

Acetone. Jsopropylio^aloohoL 
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The relation existing between ethylic alcohol, propylic 
alcohol, and isopropylic alcohol, will at once be evident from 
the following formula : — 

fCH. fC(CH,)H, fC5H 

tOH,Ho- \OH,Ho • tC(CH,)HHo* 

Stiiylio aloohoL Propylic aloohol. Isopropjlio aloohoL 

From these formulse it is seen that propylic alcohol is ethylic 
alcohol in which one atom of hydrogen in the methyl (or non- 
oxygenated part of the compound) is displaced by methyl; 
whereas isopropylic alcohol is ethylic alcohol in which one atom 
of hydrogen in the oxygenated part of the compound is dis- 
placed by methyl. 

Ethylic alcohol boils at ... 78^-4 
Propylic alcohol „ ... 97 
Isopropylic alcohol „ ... 84 

Thus, by substituting an atom of methyl for one of hydro* 
gen in the non-'Oxygenated part of the alcohol, the addition of 
CH^ raises the boiling-point 18°'6 ; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the same 
addition only raises the boiling-point 5°'6. 

IsopropyUc alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
organic acids, it will be seen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be so transformed :— 

(cilHo + 0» ° {c5ko + OH,. 

Ethylio aloohol. Acetio add. Water. 



H 

I 
H— C— 



■H H 



— C— H H— C 

I 





II 
-^0 



HO HO 

I 



H H 
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f C(CH,)H, 
t OH^Ho 

Propylio alcohoL 



+ 0, = 



H 

I 
H— C— 



A 



H 



— C- 



H 

I 

o 



H 



/CH, 

\ 0(CH,)HHo + 







H 



laopropylio 
alconoL 

H 



H— C 



C— 

I 

o 



H 



— C— H 

I 
H 



H 



f C(CH,)H, 
lOOHo 



Propionic aoid. 



H 
H-A 



H 



H 



I 
H 



+ OK. 

Water. 

o 



i 



_ /OH. 



- IC0(CHJ ■*■ ""' 



Acetone. 



H H 

H— C— C 

I II I 

H H 



a 



^H 



Water. 



TEBTIABT MOyOETJ)BIO ALCOHOLS. 
(Jeneral formula I S^S»S*^*\^ • 

The following membera of this series are known ; — 

Soiling- 
polnta. 

PseudobutyUc alcohol orj^j^^jj^ g^c.g^ 

trimethyl carbinol J ^ 

Dimethylethyl carbinol '. , . CBtMe,Ho , , 100°. 

Dimethylpropyl carbinol CPrMe,Ho 120°. 

Dimethylisopropyl carbinol GfiVrKeJ^o 112°. 

Methyldiethyl carbinol .... CEt.MeHo 115°. 

Triethyl carbinol OEtjHo ..'.... 141°. 

Diethylpropyl carbinol . . . CPrEt^Ho — ' — 

{CH 
CMe Ho' ^^^^^^ ^^ ^^^^^ quantities 
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in butylic alcohol obtamed by fermentaidon ; it has also been 
produced by acting with zincic methide on acetylic chloride, 
and submitting the product thus obtained to the action of 
water : — 



{ C& + 22«M«= 



fCH 



= t CMe,(Zn"MeO) + 2«MeCl; 



Acefylio 
chloride. 



Zincio 
methide. 



ZiAdc ohlolr- 
mefehide. 



fOH. 



- /CH3 



Water. Fseadobnfylio 

alcohol. 



+ OH, + 



Oj. 



Hethylio 
hydride. 



Zincio 
hydrate. 




H 



Fseadobntylio alcohol. 



CHAPTER VII. 



MONOSTDBIO AZCOHOZS: 

I 

Vinyl or C„Hfi„«iHo series. 
Two alcohols only of this series are known ; of these the first 
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is a secondary, and the second a normal alcohol : 

Vmylic alcohol..." {§]^^ or CMe"HHo. 

Allylic alcohol ... j nnjlo * 

H 
H-C=C— 0— H H— C=C— 0-0— H 



III 

Vinylio alcohol. Allylio alooh3L 



VIKTLIC ALCOHOL. 



■■{ 



CHHo*^ 



Preparation. — ^By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as iu 
the preparation of ethylic alcohol from ethylene (p. 64) : — 

SO,Ho, + C,H, « SOa(C,H,0)Ho. 

Balphurio Acetylene. BulphoTinjlio ftdd. 

aoid. 



SO,(C,H,0)Ho + OH, = SO,Ho, + OMe"HHo. 

SulphoTinylic acid. Water. Solphorio Vinylio 

acid. aloonol. 

This alcohol is isomeric with aldehyde and with ethylenic 
oxide :— 



\ OHHo 1 COH \ QYL^- 

Yinylio Aldehjde. Ethylenic 

alcohol. oxide. 



If the above, and not \ ^^ ■„■ , be the true formula for 

vinylic alcohol from acetylene, it is obvious that this body could 
not yield an acid by oxidation ; but if the latter formula repre- 
sents it, this alcohol is normal and ought to yield on oxidation 

{"CH 
COHo' ^^^^^^go^ "^^^^ acrylic acid. 
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ALLYUC ALCOHOL. 

fCMe"H .,iw 
lCH,Ho o-^^Ho- 

Soils (UdePS. 8p. gr, of liquid at (f *=0-61Q^. 

JPreparation. — GlyGerin, when aubmilted to the action of di- 
phosphorous tetriodide, yields allylic iodide : — 

fCH,Ho JCH, 

'P" J, + 2 -! CHHo = 2 \CH + 2P0HH0, + I,. 

[CH,Ho {CSJ. 

DiphosphorouB Glycerin. Allylic Fhosphoroas 

tetriodide. iodide. acid. 

The allylic iodide is then decomposed by argentic oxalate, 
when allylic oxalate is formed : — 

2AUI 4- JCOAgo _ fCOAUo , oa^T 
^AUi 4- jcOAgo - tcOAllo + ^^^^' 

Allelic Argentic Allvlio Ai^entio 

iodide. oxalate. oxalate. i<^de. . 

The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced : — 

fCOAUo , oTffTT = fCO(N"'Hj . 2A11HO 

Allylic Ammoniar Oxamide. Allylic 

oxalate. alcohol. 

. Reactions. — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation it gives acrylic acid: — 

fCMe"H . o ^ rCMe"H . qjj 
\CH,Ho + ^^ - toOHo + "^»- 

Allylic Acrylic Water, 

alconol. acid. 

2. With phosphoric anhydride it yields allylene :— 

H 

H— C— C=C— H =s ]0 . 

I "{oh 

H 
TOL. n. J? 
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Among the ethereal salts of allylic alcohol, the sulphide and 
sulphocyonate occur in nature as garlic and mustard oils : — 



^CMe"H 
CH, • 

8" 

CH, 
|^OMe"H 

. AUtUo 
Bulpnide. 
(Ganio oil.) 



CMe"H 

"ics" 

AUylia 
snlphocyAnate. 
(Moston} oiL) 



'% 



CHAPTER VIII. 

MONORTDBIG ALCOHOLSx 
. Phenyl or C^Hsn-y series. 

Thede alcohols may be divided into a normal and a tertiary 
class. The members of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit a slightly acid character. 



Class I. Normal Alcohols. 
General formula | c^gfe^'. 



Benzylic alcohol* . * < 



CH„Ho • 



*H— C=C— H H 

H— C C C— 0— H 

II II I 

H— C— C— H H 



I 
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XylyUc alcohol {oH,Ho'- 

{C H 
CH&o' 

{C H 



Class II. Tertiary Alcohols. 

General formula ChH^.;!!©. 

Phenylic alcohol. Carbo- 
lic acid* OeHjHo. 

Cresylic alcohol CgMeH^Ho. 

Phlorol CgEtH^Ho. 

Dimethyl-phenylic alcohol CeMejHjHo. 

Thymylic alcohol CeEt^HgHo P 

Class I. NORMAL ALCOHOLS. 
BENZTUC ALCOHOL. 



( 



CH,Ho • 



Soils at 204?. 



Preparation. — 1. By treating oil of bitter almonds with alco- 
holic potash : — 

2{%^^ + KHo - {g|ij^ + {g^H^^. 

Benzoic aldehyde. Potassio Benzylie alcohol. Fotaesio 

(Oil of bitter hydrate. benzoate. 

almonds.) 



H— C 0-0-H 



1 " . 
C-C— ] 



H— C-C— H 



t2 
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2. Benzylic alcoliol maj be obtained from toluol by first 
converting the latter into toluylic chloride by the action of 
chlorine — 

tCH,H + ^^« - tCHaCl ^ ' 

TolaoL Toluylio chloride. Hydrochloric 

(Toluylic hydride.) acid. 

and then submitting the toluylic chloride to [the action of po- 
tassic hydrate : — 

{c1?ci + ^Ho = {%§^^ + m. 

Toluylic Fotisaio Benzylic Fotassio 

chloride. hydrate. alcohol. chloride. 

8. By digesting benzylic chloride with freshly precipitated 
plumbic hydrate : — 

2{S^bl + «»Ho, = PbCl, + 2(^5^^^. 

Toluylic or Plumbic Plumbic Benzylic alcohoL 

Benzylic chloride. hydrate. chloride. 

4s. By passing a mixture of hydrogen and the vapour of ben- 
zoylic chloride over heated spongy palladium : — 

{Sb'Sl + 2H. = {g§i„ + HCl. 

Benzoylic chloride. Benzylic alcohol. 



Class II. TEBTIABT ALCOROLS. 

PHENYLIC, ALCOHOL, Carlolic Acid, Fhenylic Acid. 

C,H,Ho or PhHo. 

Molecular weight =894. Molecular volume \ I 1 . 1 litre of 
pJienylic alcohol vapour weighs 47 criths, Sjp, gr, 1'065 at 
18°. Fuses at 34°. JBoils at 188^ 

Occurrence. — In coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse* 
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Preparation, — 1. By the distillation of salicylic acid with 
baryta or lime : — 

{c5?d? - OeH,Ho + CO,. 

Balioylio Fhenylio Carbonio 

acia, alcohol. anhydride. 

2. It is also produced in the destructive distillation of nume* 
rous organic substances. 

3. Phenylic alcoliol is formed wben the. vapour of ethylic 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compounds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
carbon, hydrogen, and oxygen. 

4j. Phenylic alcohol is generated when aniline hydrochlorate 
is treated with potassic nitrite : — 

NPhH3Cl + NOKo = PhHo + KCl + OH, + N,. 

Aniline FotASsio Phenjlio Fotaasio Water, 

hydrochlorate. nitrite. alcohol. chloride. 

Beactions. — Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the following are examples ; — 

Dichlorphenylic acid CgHjCljIIo. 

Trichlorphenylic acid CgHjClgHo. 

Perchlorphenylic acid CgClsHo. 

Bromphenylic acid CgH^BrHo. 

Nitrophenylic acid 0,B.Jilif^O,)ILo. 

Dinitrophenylic acid CgH3(!N'^Oa)2Ho. 

Trinitrophenylic acid. (JPicrie 
acid,) C3H,(N-0,)3Ho. 

Amidodinitrophenylic acid, 
(Ficramic acid,) CeH,(N"'H,)(N^O,),Ho. 
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CBESTUC ALCOHOL. 

CeMeH,Ho. 
Boils at 204°. 

This alcohol is contained in creosote ; it is isomeric with 
benzylic alcohol. 



• CHAPTER IX. 

DIRTDBIG ALCOHOLS. 
Glycol or C„H8„Ho, series. 



The following is a list of the glycols at present known, with 
their probable constitutional formulse : — 

Boiling-poUita. 

"Propylic glycol... C3H,0, or {§3,^?^ 188°-189^ 
ButyUc glycol ... C,H,oO, or { g^^^^ 183°-184.^ 

AmyUc glycol ,.. C,H,,0, or {c^™'' 177°. 

Methylic glycol has not been obtained. 

The existence of normal, secondary, &c. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are generaUy considered to be secondary glycols, as 
shown in the above formula. 

It will be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monohydric alcohols: the 
more complex substances boil at a lower temperature than 
the simpler ones. 
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OiiTCOL. ETHTLIC aiTCOL, HtlyUnic dlcohl 



{ 



CH,Ho 
OH«Ho- 



Molecular weight ■•02. Molecular volume □!!• 1 lH'f^^ of 
ethflic glycol vapour weighs 31 criths, Sp, gr^ 1*125. 
Boils at IdT'^. 

JPreparation, — ^Efchylenic dibromide is treated with argentic 
acetate, and thus converted into ethylenic diacetate :— 

fCKBr , omvT nk ^ f OH,-0-CMeO , oa^-d 
1 CHlBr + 2CMeOAgo = | CH^O-CMeO + ^^SBr. 

Ethylenio Argentio iMWtate. Ethjrlenio diacetate. Argentio 

dibromide. (Diaoetio glycol.) bromide. 

The ethylenic diacetate is now acted upon by potassic hydrate, 
and yields potassic acetate and glycol :— 

Ethylenio diacetate. Fotaasio OlycoL Fotasaio acetate. 

hydrate. 

JReactians,-^!. Glycol is easily oxidized, the first product of 
its oxidation being glycoUic acid : — 

fCH,Ho . o - /CH,Ho . o^ 

Glycol. Glyoollio Water. 

acid. 

2. By further oxidation oxalic acid is formed : — 

Glycol. Oxalic Water. 

acid. 

3. Potassic oxalate is produced by heating glycol and po- 
tassic hydrate together to 250° : — 

fCH,Ho , ^j.^^ _ fCOKo , ^ 

Glycol Potaaaio Potassic 

hydrate. oxalate. 
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4. Treated with potasaiom or sodium, the hydrogen of the 
hydroxyl in glycol is replaced in two succeBsire stages : — 



f OILNao 
tOH,Ho ' 

Sionosodio gljcoL 



/ OH-Nao 
t OH,Nao • 

Diaodio glycol. 



The following list contains some of the principal derivatives 
of glycol : — 



f CH,Ho 
tCH,Ho 

Glycol. 



{ 
( 



OH,Ho 
CH,C1 • 

Chlorhydric 
glycol. 



CH,Eto 
CH,Br 

JBromethylic 
glycol. 



r CH,Efco 
t CH,Eto 



Diethylio 
glycol 



rCH,H8 
t OH,Hs • 

Solphnr glycol 

fCH,Ho 
tCH,Br 

Bromhydrio 
glyooL 

fCH^ 
tCH,Ho- 

Hydrio etbylio 
glycol. 



< 



fCH,Br 
O 'orfCH^r 



CO lOH,-0-CMeO' 
CH, 



Glyoollio 
aoetobromide. 



r 



< 



^CH,Ho 
CH, 
O or 
CO 



Monacetio 
glycol 



/ CH,Ho 
1 CH,.0- 



OMeO' 



CH. 



< 



CO 



CH, „, r CHj-O-CMeO 

CH, *"^ 1 CH,-O.CMeO- 



CO 

lch, 

Diacetic glyooL 



FOLYETH'n.IiNIC GLYCOLS, 



r3 



CO 
O 

OH, *" t OHj-O-OPrO ' 


CO 
LC(C.H.)H 

Aoetooatyrio glycol, 

FOLTETHTLENIC OLTCOLS, 

Folyeihylenio Alcohols, 

These bodies are produced by beating ethylenio oxide with 
glycol in sealed tubes, and by other processes. They may be 
regarded as formed by the addition of ethylenio oxide to 
glycol. 

I OH, 
Dietbylenic glycol ...•^ CH, or 


CH,Ho 

fCH^Ho 

CH, 

CH, w,^^ 



CH, or 

CH, 

O 
; CH,Ho 

''CH,Ho 
CH, 
CH, 
O 
CH, 



:ho 



CH,Ho 
C,H, 
O 
CH,Ho 



^CH,Ho 
CH. 



Triethylenic glycol ...-i 



< 



O 

C,H, 
O 
v.OH,Ho 



^CH,Ho 
C,H, 




Tetrethylenic glycol -^ 



CH, 
O 

CH, 
CH, 



or -i 




C,H, 

o 

LCH,Ho 



O 
^CH,Ho 

Pentethylenic and hexethylenic glycols have aUo been 
formed. 
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CHAPTER X. 

DIRTDBIO ALCOHOLS, 

Orcin or C„Il2„.8Ho2 series. 

Like the phenyl series, the orcin series of alcohols are the 
derivatives of benzol. The following alcohols belonging to this 
series have been described :— 

Ifelting- 
. . point. 

Hydroquinone \ c 177°*5 

Eesorein ^C,H^Ho, \ 99°0 

^ Pjrrocatechin or Oxyphenol J 1 111°*6 

Orcin 1 n "M" tt tt / 86^0 
Homopyrocatechin J ^e^eHgHo^ | 

Betaorcin C^e^JELJlo^ — - — 

Theory indicates the existence of four isomeric bodies of the 
formula CeH^HOj, the graphic formnlsB of which are thus 
written:— 

(1) (2) 

H— 0— C=C— 0— H H— C=0— H 

I I > J 

H— C C— H H— C C— H 



H— C— C— H H— 0— 0— C— 0— H 

(3) (4) 

H— C=C— H H— 0— C=C— H 



H— 0— C C— O— H H— C C— 0— H 



H— C— C— H H— C— C— H 

The isomerism of 1, 3, and 4, and of 2, 3, and 4 is caused 
(aymbolicallj speaking) hj the different distances from each 
other of the two atoms of carbon with which the two semi- 
molecules of hjdrozyl are combined ; in 1 and 2 these carbon 
fitoms are neighbours, in 4 thej are separated by one inter- 



HYDROQUINONE. 75 

vening atom of carbon, and in 3 bj two intervening atomd of 
carbon. The isomeriBm of Nob. 1 and 2 is not equallj obvious ; 
indeed it has been overlooked by Kekule, who oonBiders that 
three modifications only of the formula CgH^HOg are possible, 
unless the six atoms of hydrogen in benzol be not ^regarded as 
of equal value. An inspection of the above graphic formul© 
shows, however, that a fourth modification is possible, depend- 
ent upon the mode in which the two neighbouring atoms of 
hydroxylic carbon are joined together. In No. 1 these atoms 
are united by two bonds, in No. 2 by only one bond. 

It is at present impossible to assign to each of the three 
known isomers of C^H^Hc^ its own constitutional formula. 
The same is the case also with the remaining alcohols of this 
series* 



H7DB0QUIN0NE. 

C,H,Ho,. 

Preparatian. — 1. By treating arbutin with emulsin, or by 
boiling it with dilute sulphuric acid : — 

C,,H,,0, + OH, = C,H,Ho, + CeH„Oe. 

Arbntin. Hjdroqninone. Glnoose. 

2. By -the action of sulphurous acid upon a solution of 

quinone. 

8. By the destructive distillation of quinio acid* 

Beaetiona. — 1. Passed in vapour through a red*hot tube, it 

is decomposed into quinone and hydrogen ; — 

C.H,Ho, = C.H,g} + H,. 

HjdroqmnoBe. Quinone. 

2. By many oxidizing agents it is transformed into quinone : — 
O.H,Ho, + = O.H.g} + O^,. 

HTdroqniiKMie. Qoinone. 
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3. By the action of cUorine or a mixture of potasedc chlorate 
and hydrochloric acid, it is converted into perchloro-qoinone 
(chloranil) :— 

C,H,Ho, + 3C1, « C,a,gl + 6HCL 

Hjdroquinone. Chloranil, 

OBCDT. 

OgMeHjHo,. 
MelU at 86°. BoiU at about 290°, 

Occtirrence. — In certain lichens, such as Lecanora tartarea, 
Soecella tinetoria, and Variolaria ordna. 

Preparation. — 3j the dry distillation of orselUnic acid, or 
by boiling this acid with powerful bases : — 

C3H3O, = CeMeHgHOj + CO3. 

Or^eUinio aoid. Orcin. 

Many other bodies which are obtained from lichens, such as 
lecanoric acid, erythrin, and picroerythrin, yield orcin imder 
similar treatment ; but all these compounds give first orsellinic 
acid, which then breaks up into orcin and carbonic anhydride ; 
thus : — 

Leoanorio add, Orsellinic add. 

C„H,A, + 20H, = C,H„0, + 2C3H,0,. 

Erythrioadd. Erythrite. Onellinioadd. 

C„H„0, + OH, = C,H„0« + 0,H,0,. 

Floroeiythrin. Erjthrite. Onellinio add. 

Beactions. — 1. With chlorine, bromine, iodine, and nitric 
acid, orcin gives the following substitution products : — 

Helting- 
I)oint. 

Monobromorcin CeMeHaBrHoj 135° 

Tribromorcin CeMeBr^Ho^ 103° 

Trichlororcin CeMeClgHo, 159° 



Triiodorcin OgMeljHoa — 

Trinitro-orcinic acid ... O8Me(N0j)3H0j 162 
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2. By treatment with ammonia in the presence of free 
oxygen it yields orcein, the colouring-matter of Archil and 
Cudbear^ the reaction being probably the following : — 

O.MeH,Ho, + NH, + O3 = 0,MeH,(N''0,)Ho ? + 20H,. 

Oroin. Orcein. 

8. Heated with an excess of concentrated sulphuric acid to 
a temperature of from 60° to 80°, orcin yields orcin-disulphuric 
acid (dihydric orcinic disulphate) : — 

2SO,Ho, + C^MeH^Ho, = |^^g°(C,MeH,OJ" + 20H,. 

Snlphnric Orcln. Dihydrio ordnio 

acnd. msolpl^tte. 



CHAPTER XI. 

TBISTDBIO ALC0E0L8. 

Glycerin or C,Hj,_iHo, aeries. 

These alcohols contain three semimolecules of hydroxyl 
united with three different atoms of carbon ; consequently the 
lowest term of the series contains three atoms of carbon. 

Only two of these alcohols have been hitherto obtained :— 



Glycerin 



f CH.H0 H— C— C— C— S 



Uj 



H H H 
fc_C— C— ] 



CHHo. I I I 

LOH,Ho 



H H H 
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H 

H— C— H 

fOH,Ho H H— C— H H 

Amylglycerin ...-^ OEtHo? I I l 

[ CH,Ho H— C C C— H 



A A A 



The conBtitutiou of amylglycerin is not at present established. 
Its formula may possibly be 

fCEtHHo 
\ CHHo . 
[ CH,Ho 

The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 



GLTCEBIK. 

f CH,Ho 
\ OHHo . 
I CH,Ho 

Sp. ffr. of liquid at 15°'4 is 1'26. Crystallizes at low tempera* 
tures, and remains solid aftencards at ordinary temjoeratttrfs. 
Boils in vacuo at 179^'5« 

. Sourees^-^MoBt animal and vegetable fats consist of mixtvires 
of the glycerin ethereal salts of the fatty, and of the oleic, se- 
ries of acids. Glycerin is liberated from these by water at high 
temperatures, or by bases giving salts insoluble in water : — 

\ CE .0-0(C„H„W+30H,= \ CHHo +3 ^R^- • 
[ CH,.O.C(C„H„)0 I CH,Ho ^ ^^^° 

Stearin. Water. Glycerin. Steario add. 
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• if • ' 

Seldiian of Cflycervn to Ixopropylie Alcohol. 

By the action of bydriodic acid, glycerin is converted into 
iappropylio iodide : — 

fCH,Ho fCH, 

^OHHo + 5HI = -^OHI + 21, + 80H,. 

[CH^Ho ICH, 

Glycerin* Hydriodio Isoprcmylio Water. 

acid? iodide. 

Relation of Glycerin to Allelic Alcohol, 

When diphosphorous tetrlodide is brought into eoutact 
with glycerin, an energetic reaction ensues, allylic iodide being 
formed : — 

fCH,Ho JCH, 

CHHo « 2 ]CH + 2POHHo^ + L. 



iT%n 



P"J, + 2 



OH,Ho \OB.J. ' 

Diphosphoroua Glycerin. Allelic' Fhosphoroaa 

tetriodide. iodide. add* 



Belatiom of Glycerin to Propylic Glycol, 

The several semimolecidei of hydrozyl in glycerin are 
capable of being replaced by chlorine, bromine, &c.; thus, 
by the action of hydrochloric acid on glycerin, one semimole- 
cule of hydroxyl is displaced by chlorine, monochlorhydrin 
being formed : — 



CH,Ho 

CHHo + HCl 

CH,Ho 



f CH,C1 
CHHo + OH,. 



CH,Ho 



Glycerin. Hydrochloric Monoohlor- Water. 

acid. hydrin. 

Monochlorhydrin is identical with monochlorinated propylic 
glycol : — 

• iOH,Ho lCH,Ho 

Monochlorhydrin. Monochlorinated 

propylic glycol. 
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By the action of sodium amalgam and water, monochlorinated 
propylic glycol is readily converted into propylic glycol : — 



fC(CH,Cl)HHo . H - /C(CH.)HHo 



+ HCL 



Monochlorinated Fropylio Hydrocliloric 

propylic glycoL glyoM. add. 



Selations of Oh/cerin to tlie TrihyJric Adda — Glyceric Acid 

and Tartronic Acid, 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 



rCH,Ho 
[OH,Ho 



f CH,Ho 
CHHo + OH,. 
COHo 

Glycerin. Glyceric Water. 

add. 

A second semimolecule of oxatyl has not been produced in 
glycerin, so as to convert the latter into a dibasic acid ; but 
there can be little doubt that tartronic acid, which is formed 
by the spontaneous decomposition of nitrotartaric acid, is the 
acid in question, and that it has the following constitution : — 

f COHo 

^ CHHo. 

^COHo 

Tartronic add. 



Relations of Qlycerin to Acrylic Acid, 

By the action of substances having an affinity for water, 
such as phosphoric anhydride or sulphuric acid, glycerin is con- 
yerted into acrolein : — 

CHjHo r r«Ttra"p" 

CHHo =» 20H, + J^^eH 



ICOH 

Glycerin. Water. Acrolein. 



CH,Ho 
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By the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 

fCMe"H . ^ /CMe"H 

JCOH + ^ = tcOHo • 

Acrolein. Acrylic acid. 

Both these reactions are accomplished simultaneously when 
glycerin is added to fused potassic hydrate : — 

r CTT TTo 

|c^°o ■" ^^^ = {OOK? + H, + 20H.. 

Glycerin. Potaasio Potassic Water. 

hydrate. . acrylate. 



CHAPTER XII. 

TEIRTDBIO ALCOHOLS, 
Pyrogallic or C^Ha^^^gHOj series. 

Like the phenyl and orcin series, these alcohols are the direct 
derivatives of benzol. 

The following bodies are believed to belong to tbis series, 
whilst several other compounds not yet sufficiently known will 
probably soon be added to it : — 

Melting-point 

Pyrogallin ^ r 115°. 



Phloroglucin 

Phenomalic acid ? ... . 



^OgHgHoj ^ 



220°. 



o 
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Theiorj points to four isomeric modificationa of the fonuula 
0,B[,Ho„ Tiz. :— 

H— C=-C— 0— H H— C=C— 0— H 

H— C C— 0— H H— C C— 0— H 

I! II 



H— C— C— 0— H H— 0— C— O— H 

H— C=C— 0— H H— 0—0=0— 0—H 

H— 0— 0— H H— C 0— H 



II 11 



H— 0— 0— 0— H H— 0— C— 0— H 

It is at present impossible to assign any of these formulae to 
the above enumerated three members of this series of alcohols. 



F7B0OALLIN, PyrogMie Acid. 

C.H.H0.. 

Melts at 115^. Sublimes with partial decomposition at 210^. 

JPreparation. — 1. By heating gallic acid to 210°-220° in a 
stream of carbonic anhydride : — 

Gallio acid, Fyrogallin. 

2. By heating gallic acid with twice or thrice its weight of 
water to 200°-210° for half an hour in a Papin's digester. 
The reaction is the same as in No. 1. 

Beactions, — 1. Does not neutralize alkalies or form true salts. 

2. Passed over heated zinc, it is transformed into benzol : — 

C,H3Ho3 -i- 3Zn « C,^, + 3ZnO. 

Fyrogallini BenzoL 



K! 



wm 
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3. Bromine converts pyrogalUn into tribromopyrogaliin : — 
C^HgHoa + 8Br, = C.BrgHo, -h 3HBr. 

Pyrogallin. Tribromopyro- 

irallin. 

4. Heated to 260®, it yields water and metagallic acid : — 

CgHaHoa == C^HsOHo -f OH^. 

pyrogallin. lCeta«Jlio 

aoia. 

5. Ammonia in the presence of air forms with it pyrogallein, 
to which the formula CigHgoNgOiQ has been assigned. 

6. Concentrated boiling solution of caustic potash decom- 
poses it into acetic, oxalic, and carbonic acids. 

7. An alkaline solution of pyrogallin rapidly absorbs free 
oxygen, forming a dark-coloured body, together with acetic and 
carbonic acids and a small quantity of carbonic oxide. 



OTREB POLTRTDMIG ALGOKOLS. 

ErytJirite {JErythroglucinf JEryfhromannite, Fhycite^ Vseudor* 
cin) is a tetrahydric alcohol ; and the acid corresponding to it is 
tartaric acid. Citric acid may also be considered as derived 
from an unknown alcohol of this series. A glance at the for- 
mulsB of these alcohols and acids will show their relations : — 



CH,Ho fCOHo 

CHHo J CHHo 

CHHo • I CHHo' 

CH,Ho [COHo 

Eiytihrite. Tartaric aoicL 



OHHo(CIL,Ho) 
CH(CH,Ho) . 
CH,(CH,Ho) 

Tetrahydric sdoohol 
(unknown). 



f CHHo(COHo) 
CH(COHo) . 
CH,(COHo) 



Citric acid. 



When reduced by hydriodic acid, erythrite yields butylic 
iodide :-*- 



fCH,Ho 
CHHo 
CHHo 
CH,Ho 

Erythrite. 



+ 7HI = 40H, + 



Hydriodio 
acid. 



Water. 



fCH. 

Butylic 
iodide. 

g2 
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Finite and Quereite are beliered to be pentahydric alcohols ; 
and aposorbic acid is probably a deriratire of one of them :— 



rCH,Ho 
CHHo 

^CHHo. 
CHHo 
CHHo 

Pentanjdrio 
alcohol. 



< 



^COHo 
CHHo 
CHHo. 
CHHo 
COHo 

Aposorbio 
acid. 



^ 



Mdnnite is a hexabydric alcohol. There are three acids cor- 
responding to this alcohol : these are saccharic and mucic acids, 
which are isomeric, and mannitic acid : — 



< 



'^CKHo 
CHHo 
CHHo 
CHHo* 
CHHo 
CH^Ho 

Mannite. 



V 



^COHo 
CHHo 
CHHo 
CHHo* 
CHHo 

vCOHo 

Saooliario 
or muoio add. 



rCH,Ho 
CHHo 
CHHo 
CHHo- 
CHHo 
COHo 



v.. 



Mannitio 
add. 



Mannite is closely related to glucose, the latter containing 
two atoms of hydrogen less than the former. Glucose can, in 
fact, be converted into maoinite by the action of nascent hy- 
drogen : — 



fCH^Ho 
• CHHo 

CHo , 
'McHo + 

CHHo 



H. = 



< 



{ 



CH,Ho 

Glucose. 



^CH,Ho 
CHHo 
CHHo 
CHHo • 
CHHo 

^CH^Ho 

Hannite. 



Alcohols of high hydricity possess a sweet taste, in fact with 
increase of hydricity the alcohols gradually pass into saccha- 
rine substances or sugars. 



m 
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CHAPTER XIII. 

THE ETHEBS. 

These compounds are the oxides of the positive radicals. 

Each series of alcohols produces a series of ethers ; we have 
thus ethers of the monohydric, dihydric, and trihydric alcohols, 
of which the following are the general formulsB : — 



Methyl Vinyl Phenyl 

series. series. series. 



Ethers of the mon 



f CnHj^i f C„H2„_i j C^Ha,., 
ohydric alcohols 'j -< O -< . 

[ CnHan^.! [ C»H2„_i ( C„Hj„_7 



Ethers of the dihydric alcohols . . . C„H2„0. 



f C„Ha, -O-II2,, C„ 
Ethers of the trihydric alcohols a C„H2„_i-0-H2„_iC„ 

[C^Hg;, -0-Hai C„ 



JSTJECUBS OF THE MONOSTDBIO ALC0R0L8. 

These bodies are derived from the alcohols by the substi- 
tution of the hydroxylic hydrogen contained in the latter by 
a positive monad radical. 

METRTL 8UBIES. 
The following list contains some of the ethers of this series : — 



Meihylio ether 



Boiling- 
points. 

O or OMe^ -21°. 



Methylicethylicether 



CH3 

CH3 rcH3 



a 



O ' or ] ' or OMeEt +11°. 
CM, [ CMeHg 



CM. r CMeH 



4 O or -^ O 



Ethylio ether -I O" " or -j O * or OEt^ 35°'6. 



fS^3 .. f 



CMeHj 
CH, 



Methylicamylicetlier | O ' or \o^ or OMeAy 92®. 
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Ethylio butylio eUier, 



Sthjlio amylio etiher, 



Ao 
Jo 



Bufyio eiher 



Amylio ether 




I O.H„ 



or 



or 



or 



or 



Boiling 
I>oiiita. 

80°?. 



or OBtAy 112°. 



104°. 



176°. 



rCMeH, 

4 O or OEtSu 

I CPrHj, 

fCMeH, 

I OBuH, 

fOPrHj 

\0 or OBu. 

(CPrHj 

rOBuHj 

\ O or OAja 

[ CBuHa 



Formation. — 1. Bj the action of sulphuric acid upon the 
GnHsM+iHo alcohols. The process may be diTided into the two 
following stages : — 

CnBi^iRo + SO,Ho, ^ SO,Ho(C„Hj,+iO) + OH,. 

Alcohol. Bnlphnrio Sulpho-acicL Water. 

aoid. 

C'nH-a^.i 

SO,Ho(C,Ha^.xO) + C,Ha^.,Ho = -{ + SO^o,. 



Snlpho-aoid. 



Alcohol. 



Ether. 



Snlphnrio 
add. 



2. By converting the C„n2„^iHo alcohols into sodium or 
potassium compounds, and then acting upon the latter with 
the iodides of tfie monad positive radicals : — 

2aH2^iHo + Na, = 2aHs^i]Srao + H,. 

Alcohol. Sodio alcohol. 

O + Nal. 

Sodio aloohoL Iodide. Ether. Bodic iodide. 

Meaction. — ^The ethers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and 
then distilling, with water, the sulpho-acid so produced : — 



CnHa„+iT^ao + C„H2,t^.iI = 



CnHjn+l 

+ 2SO,Ho 



C„H2n+l 

Ether. 



Solphorio add. 



2SO,Ho(C.H^,0) + OH,. 



Solpho-add. Water. 

SO,Ho(C.H^iO) + OH, = SO,Ho, + C,H,^,Ho. 

Sulpho-acid. Water. Sulphuric add. AlcohoL 
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METHTUC ETHEB) Mefhylio Oxide. 

O or OMeo. 
OH3 



'%* 



Molecular weight Ba46. Molecular volume j"T1 * 1 ^itre of 
methylic ether vapour weighs 23 crithe, Boils at —21^. 

Preparation, — By heating methylic alcohol with sulphuric 
acid or boric anhydride : — 

CH3H0 + SO.H0, = SO,Ho(CH30) + OH,; 

Methjlio Balphorio Solphometibjlio Water 

aJoohol. aoid. add. 

! SO,Ho(CH,0) + OH,Ho = Jo ' + SO,Ho,. 

Snlphametiiylio Hetbylio Hethjlio Snlphorio 

aoid. aloohoL ether. add. 

Beaction. — ^Methylic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 



CH,C1 



CH,C1 



CHCl, 



CHCl, 




•2 V. ^^*3 

Diohlorinated Tetraohlorinated Ferchlorinated 

methjlio etiier. methylio ether. methylic ether. 



ETHTLIC ETHEB, Ethylio Oxide, Ether, Sulphuric JEther, 

CMeH, 

O orOEt,. 

CMeH, 

Molecular weight =74. Molecular volume m * 1 ^ii^^ of 
ether vapour weighs 37 criths. Sp. gr. =0723. Ftises at 
-3r. Boils at Z^'^-e. 

Breparation. — A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of from 140° to 145°, and 
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a constant stream of alcohol is allowed to flow into the mixture. 
Ether and water distil over together. Two reactions take place 
successively : in the first, the alcohol is converted into sulpho- 
vinic acid ; and in the second the sulphovinic acid is converted by 
a further quantity of alcohol into sulphuric acid and ether : — 

BtHo -f SO^Ho, = SO,EtoHo + OH,. 

AloohoL Snlphario add. SulphoTmic add. Water. 

SO,EtoHo + EtHo = OEt, + SO^Ho,. 

SulphoTiiuo add. AloohoL Ether. Solphuxic add. 

In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two molecules of alcohol by sulphuric acid. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly, by the fact that, if sulphamylic acid be 
acted upon by ethylic alcohol, the mixed etbylic amylic ether is 
formed:— 



SO,AyoHo + EtHo = SO,Ho, + OAyEt. 

Ethylio Sulphurio Ethjiic am 

aloonol. add. ether. 



Sulphamylic add. Ethylio Sulphurio Ethjiic amylio 

onol. 



Beactions* — 1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid : — 

OEt, + 2SO,Ho, = 2SO,EtoHo + OH,. 

Ethylio ether. * Sulphuric add. Sulphovinic aoid-. Water. 

2. Hot nitric acid converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

3. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid : — 



/- 



0H3 

CH 



<%^ + 0. = 2{gg|j„ 4- OH, 

Ich: 

Ethylic ether. Acetic add. Water. 
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EIHTLIC SULPHIDE, Sulphur Ether. 

{ OMeH, 
S or SEt,. 






OMeH, 

Molecular weight =90. Molecular volume m * 1 ^*^^^ 9f 
ethylic sulphide vapour weighs 45 criths, JBoils at 73°. 
Freparation, — By adding ethylic chloride to potassic sul- 
phide, and distilling : — 

f CMeH, 
20MeH,Cl -f SK, = ^ S + 2KC1. 

[ CMeH, 

Ethylic chloride. Potaasio Ethylic sulphide. Potassic 

sulphide. chloride. 

Seactione. — 1. Ethylic sulphide combines directly with 
ethylic iodide, fonning 

Sulphurous triethy lo-iodide SEtgl. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 

SEtjI + AgHo = SEt^Ho + Agl. 

Sulphurous Arffentio Sulphurous 

triethylo- hydrate. triethylo- 



Sulphnrous Areentio Sulphurous Areentio 

'lylo- hydrate. triethylo- iodide, 

iodide. hydrate. 



2. By cold nitric acid it is converted into sulphurous dieth* 
oxide (SOEt,), which by more powerful oxidizing agents is 
transformed into diethylsulphon (sulphuric diethoxide), SO,Et^ 
which melts at 70° and boils at 248°. 



JETEEBS OF THE VINTL AND PHENTL SERIES. 

Of the ethers of the vinyl series, allylic ether, < O , 

alone is known. It boils at 82^, • 

In the phenyl series, phenylic ether, 




ether, -{ O , have been obtaiiied. 



O , and beuzylic 
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Bj digesting benzylic chloride mth. potassic phenylate, a 
mixed ether, phenyl-benzyl ether, is formed : — 



{ 



^'^ + 0.H.K0 = Ka + ]g^. 

Bensylio FotMsio Potssmo Fhenjl-benzyl 

ohlonde. phenjlato. ohloride. etiher. 



ETREES OF THE BIEYDEIO ALCOHOLS. 

Of these the three following are known, but the first only 
has been carefully studied : — 

Boiling-pointa. 

Ethylenic oxide, O^H^O 13°-5. 

Propylenic oxide, CjHeO 86°0. 

Amylenic oxide, C^^U^fi 95°0. 



ETHTLENIC OXIDE, Ethylenic Ether. 

Molecular weight =44. Molecular volume 1 I i . 1 litre of 
ethylenic oxide vapour weighs 22 crithe. Boils at 13°'5. 

I^reparation. — ^Ethylenic oxide is obtained from glycol by 
converting the latter, first into ethylenic chlorhydrate, or 
chlorhydric glycol, by the action of hydrochloric acid, and 
subsequently treating the compound thus formed with potassic 
hydrate : — 

G-lyool. Hjrdroohlo- Ethjlenio Water, 

rio add. ohlorhydrate. 

{§i:S' + KHo = {gg;0 + OH. + KCl. 

Ethylenic PotasBio Ethjrienio Water. Potassio 

chlorhydrate. hydrate.' oxide. chloride. 
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Itd m s N ii' E thylenio oxide is isomerio trith Tinylio alcohol 
and aoetio aldehyde. The nature of this isomerism is seen in 
the following formuls :— 



H- 



H H 

fCH.0 "^ |~X "/OH, ^-\'] 

Eihylenio i Yinjlio i 

aloonoL J 

I o 



oxide. 



H 



i 



H 

Aoetie aldehyde. H— C = 

Seaciums, — 1. Ethylenic oxide unites with nascent hydrogen, 
forming alcohol : — 

{g^O + H. = {g|.Ho- 

Eih^rlenio AloohoL 

Gilnde. 

2. It also unites with oxygen, forming glycollic acid :— 

{OHjrt in — fCH^Ho 
ch;o + o, - jcoko-. 

Ethjrlenio G-lyooIlio 

oxide. aoid. 

8. It is a basic substance, and unites directly with acids :— 
(ggK) + HCl = (gg^V 

Ethy^lenio Hydro- Ethylenio 

oxide. onlorio cblorhydrate 

acid. or ohlorhydrio 

RlyooL 

4. Ethylenic oxide precipitates as hydrates many metals from 
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solutions of their salts, such as the ferric, alaminic, cupric, and 
magnesic hydrates :- 

2 { g^O + WlgCl, + 20H, = 2 { ^^^ + MsHo,. 

Ethjlenio lifagnetio Water. Ethrlenio Kaeneaio 

oxide. chloride. ohlorhjdnte. hjdrate. 

5. It also combines directly with water, reproducing gly- 
col: — 

/°H»0 4. OH - /OH,Ho 

Eth]rlenio Water. Gljool 

oxide. 

These reactions exhibit a wide difference between the beha- 
viour of ethjlenic ether and that of ethylic ether. This dif- 
ference arises from the &ct, that in ethylic ether the ethyl 
semimolecules are held together by the oxygen only, whereas in 
ethylenic ether the linking of the two groups of CH^ does not 
depend on the oxygen atom alone, as will be seen from the 
following formute : — 

H H H H 
Ethylic ether H— C— C--0— C— (Lh = ] o' ". 

H H 

Ethylenic ether H— C— C— H » jSS'O. 

On account of this peculiarity of constitution, ethylenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethylic ether. 



ETSUBS OF THE TBISTDBIO ALOOMOLS. 

Of these only one is known, viz. : — ' 



ETHEKS OF THE TRIHYDRIC ALCOHOLS. 



93 



0LTC7LIC ETHEB, Qlyeylie Oxide. 
H H 

H— C— 0— C— H 

I I fOH,-O.H,Cl 

H— C— 0— C— H = •! CH -O-H O \ . 

H— C— 0— C— H 

I J 



CH,-0-H,Oj 



H 



H 



Freparaiion. — "Bj tie action of potassic hydrate on so-called 
iodhydrin:— 

oh" 

OH, f OH,.0-H,C ] 

+ KHo =. KI + OH, +.(OH.0-HOL 

OH, lOH,.0-H,O. 

OHI 
OH,Ho 



lodhjdrin. Potadsio Potassic Water, 
hjdrate. iodide. 



Glyi^lic ether. 



CHAPTER XIV. 



THE HALOID ETHEBS. 



Each Beries of positive radicals forms its own series of haloid 
ethers. 

These ethers are produced by the substitution of hydroxyl in 
the alcohols by chlorine, bromine, iodinCi fluorine, or cyanogen. 



Saloid Ethers of the Monad Positive UadicaU. 
As these radicals can only unite with one semimolecule of 



94 THE HALOID ETHEBS. 

hjdroxjl, they can only form one baloid ether. Each series of 
radicals therefore fo];ms one series of haloid ethers :— 

I. Haloid ethers of the form CmHs^iCI. 

II. „ „ „ „ C„H^,.iOL 

HI. M „ „ „ C^^2ti-7CL 

The following will serve as examples of the three series : — 

H H H 

Propylic iodide... CjH^I i i i 

or H— C— C— C— 



I 



C(C,H,)H,I. I I I 



or i_c_c=CU.H 

CCCHJHJ. ^ ^ ^ 

Phenylic iodide... C^HJ H— C 0— I 

II II 
H— C— C— H 



JSaloid Ethers of the Dyad Positive BadicaU. 

As the dihydric alcohols contain two semimolecules of hy- 
droxyl, it follows that there are two classes of haloid ethers 
derivable from them. The first is formed by the substitution 
of one of the semimolecules of hydrozyl by chlorine, brominCi 
&c., and the second by the like displacement of both semi* 
molecules of hydroxyl :— 

I. Haloid ethers of the form C^Ha^HoCl. 
II' » » » » Cr^H^iClg. 

The following examples will suffice to illustrate the consti- 
tuticm of both these classes of haloid ethers ;-— 
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h 



Chlorhydric glycol or ethy- B H 

lenic chlorhydrate C,H,HoCl _ I I _ 

or I 

rCH,Ho O 

ICH,C1 • I 

H 

Ethylenic dichloride C,H,C1, H H 

• or 






Saloid Ethers of the Triad JPositive JBctdicah, 

Three classes of haloid ethers are derived from the trihydric 
alcohols by the successive substitution of the three semi- 
molecules of hydroxyl contained in these alcohols by chlorine, 
bromine, <&c. A fourth class also exists, which stands inter- 
mediate between the ethers and the haloid ethers, and which 
is formed by the substitution of one of the semimolecules of 
hydroxyl in the alcohol by a monad negative radical, such as 
chlorine, bromine, or cyanogen, and the remaining two semi- 
molecules of hydroxyl by a dyad oxygen : — 

I. Haloid ethers of the form C„Il2„_iHoaCl. 
II. „ „ „ C„H3„.iHoClj. 

III. „ „ „ 0»H2»_iClg. 

IV. „ „ „ C^HjH-iOCl. 

The following are examples of each of these classes : — 

H H H 

f CH,Ho H-C— C— C— H 

Chlorhydrin. < CHCl I I I 

iCH,Ho O CI 



I 
H 



i 
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Diclilorhydrin ... 



Trichlorhydrin... 



Hydrochloric 



n H H 

f OH^Cl H— C— C— C— H 

CHHo. I I I 

CH,ci a a 

H 



H H H 

fCH,Cl . Ill 

OHa . H— C— C— C— H 

iCH,Cl I -I I 

CI CI CI 

H H H 



ydrochionc fOBLCl j | | 

glycide or epi. ] OH q . H— 0— C — 0— H 

chlorhydria ... ICH, | I | 

•' CI ^0^ 



SALOID ETHEBS OF THE MONAD POSITIVE 

RADICALS. 

Preparation. — These ethers are produced by the following 
general reactions : — 

1. By the action of the hydracids upon the alcohols : — 
C,H^+jHo + Ha = C,H,^,C1 + OH,, 

AlcohoL Hydroohlorio Haloid ether. Water. 

aoid. 

2. By the action of phosphorous chloride on the alcohols: — 
3C„H^iHo + • PCI3 = SaH^^iCl + POHHo,. 

AloohoL Fhosphorotui Haloid ether. Phosphorous 

chloride. aoid. 

3. By the action of chlorine on the hydrides of the radi- 
cals: — 

CnH2„4.iH + Cla « C«Ha„^.iCl + HCl. 

Hydride. Haloid ether. Hydrochloric 

acid. 
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It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine, 

• 

These reactions apply equally to the C»Ha^_i and C^Hj,,.^ 
series. 

For the preparation of the nitriles, which are isomeric with 
the cyanides of the radicals, two special reactions (Nos. 1 and 2) 
are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical with potassic cyanide : — 

SO^KoCaHa^iO) + KCy = SO.Ko, + C^i^iCj. 

Fotsssio salphate of the Fotassio Fotassio Abnormal oranide 

radical. oyaoide. salpliate. or nitrile. 

2. The fatty acids are converfced into ammonium salts and 
distilled with phosphoric anhydride, when the abnormal cyanides 
of the positive radicals which they contain, or nitriles, are pro- 
duced : — 

{oS(§mfi) + 2PA = {g-^s... + 4PO,Ho. 

Ammonium Phosphoric Abnormal cyanide Hetaphosphorio 

salt. anhydride. or nitrile. acid. 

3. By the action of chloroform on an amine in the presence 
of an alcoholic solution of potassic hydrate, a normal cyanide is 
produced. These cyanides are isomeric with those obtained 
by the two previous processes, and appear to contain nitrogen 
in the pentad condition : — 

{nh'"^' + CHCI3 = 3HC1 + {§?''^*- 

Amine. Chloroform. Hydroohlorio Cyanide. 

acid. 

Beaetions. — 1. Treated with alcoholic solution of potash, 
most of the haloid ethers of the ChH2;»+i series, except the cya- 
nides, are reconverted into alcohols : — 

CnH.2n^iCi + KHo « aHj^iHo -f KCl. 

Haloid ether. Fotassio Alcohol. Potassic 

hydrate. chloride. 

2. The nitriles, or abnormal cyanides, under similar circum- 

VOL. n. H 
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stances are converted into potassic salts of the acids whicli 
contain the positive radical of the cyanide : — 



CN'" 


+ KTTo + 


OH, 


- \COKo 


+ WH3. 


AbnoRoal 


Potadsio 


Water. 


Potaano 


Ammonia' 


cjranide. 


hydrate. 




salt. 





3. The nitriles or abnormal cyanides when submitted to the 
action of acids yield an ammonic salt and a fatty acid : — 

{g^i 4 HCl + 20H, = NH.Cl + {%^^'. 

Ifitrile. HydrocMorio Water. Ammonio Fatty acid, 

acid. chloride. 

4. The normal cyanides when acted on by acids behave like 
hydrocyanic acid (see p. 28), producing formic acid and the 
hydrochlorate of an amine : — 

{ &J^"+' + HCl + 20H, = { g^g^ + NiC^■S^+^)■K,a. 

Cyanide. Hydrochloric Water. Formic Hydrochlorate 

acid. acid. of amine. 

This reaction appears to take place in three stages ; and in 
the case of phenylic cyanide the intermediate compounds have 
been obtained : — 

^jSc' + 20H, = {gojf^ + N,(CH)"'(CA)^. 

Phenolic Water. Formio Formyl>diphenyl-diamine. 

cyamde. acid. 

N,(CH)'"(CA),H + OH, = {&5oH)H + {^' 

Formyl-diphenyl-diamine. Water. Phenyl formamide. Phenylamine. 

/CA + OH - /C,H, , fH 

tN(COH)H + O^ T jjji^' + jcOHo- 

Phenyl formamide. Water. Phenylamine. Formic acid. 

5. When the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal : — 

2aH^+iI + 2Zn = Zn(C„H2^02 + Znl„ 

Iodide. Organo-zinc Zincio 

oompoond. iodide. 



\ 
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r 

or "\ 

Iodide. Free Zindo 

radical. iodide. ' '' " ' 

K 
\ , 

6. When the iodides are submitted to the action of sodic '^^1* 
ethylate, a mixed ether (or a simple ether if «=2) is formed : — 

C,H,Nao + C^H^H-iI = i O + Nal. 

Sodio Iodide. Ether, 

ethylate. 

7. The haloid ethers of the monad positive radicals are the 
representatives of the hydracids of mineral chemistry, and 
unite directly with ammonia, producing salts which, when treated 
with potassic hydrate, yield compound ammonias containing the 
basylous radical of the haloid ether in the place of one atom of 
hydrogen : 

NH3 + EtI = NHgEtl. 

Ammonia. Ethjlio Eth^lammonic 

iodide. iodide. 

NH,EtI + KHo = NBtH, + KI + OH,. 

Ethylammonio Potassic ^thylamine. Fotaasio Water, 

iodide. hydrate. iodide. 

ICETHTLIC CHLORIDE. 

CHjCl or MeCl. 

MoleculcMT weiyht =50*5. Molecular volvme VY\ . 1 litre of 
fnethi/Hc chloride vapour weighs 25*25 oriths. Boils at 
-2r. 

Preparation, — By heating together sodic chloride, methylic 
alcohol, and sulphuric acid : — 

SO,Ho, + MeHo =3 SO^MeoHo + OH,. 

Snlphurio Hethylio Sulphomethylio Water, 

acid. alcohol. acid. 

SO^MeoHo + NaCl =« MeCl + SO,HoNao. 

Sulphomethylio Sodio Methylic Hydric sodic 

acid. chloride. chloride. sulphate. 

h2 
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Beaction.'^'By the action of chlorine, methylic chloride pro- 
duces three substitution derivatives : — 

Boiling- 
point. 

Monochlorinated methylic chloride, CHjClj. 31° 
Dichlorinated „ „ CHCI3. 60°-8 

Trichlorinated „ „ CCl^. 78' 



)0 



Chloroform, acted on by powdered zinc and a solution of 
ammonia, produces methylenic dichloride, boiling between 
40° and 42°. It seems to differ from monochlorinated methylic 
chloride, which is said to boil at 31°. 



CHLOEOFOBM, Dichlorinated Methylic Chloride. 

OHCI3. 

Molecular weight =119*5. Molecular volume rTl » 1 l^tre of 
chloroform vapour weighs 59*75 criths, Sj>. yr. 1'48. Boils 
at 60°*8. 

Preparation. — ^This compound is manufactured in large 
quantities by heating alcohol with a solution of calcic chloro- 
hypochlorite {chloride of lime) , It may also be made by treat- 
ing methylic alcohol in the same manner. For the reaction 
see p. 57. 

Reactions. — 1. Chloroform is transformed into potassic for- 
mate by boiling with alcoholic potash : — 

CHClj + 4KHo = CHOKo + 3KC1 + 20II,. 

Chloroform. Fotasaio Fotnasio Potassio Water. 

hydrate. formate. chloride. 

2. "When acted upon by chlorine in the presence of sunlight, 
the hydrogen of chloroform is displaced by chlorine, and carbonic 
tetrachloride (OCIJ formed. 
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ETHTLIC CHLOBIDK 

C,H,C1 or EtCl. 

Molecular weight ss64*5. Molecular volume rD * 1 ^^^ of 
ethylic chloride vapour toeigha 32*25 critha. Sp, gr, 0'874u 
Both at ll°-5. 

Preparation* — ^Ethylic alcohol is saturated with hydrochloric 
acid, and digested in sealed tu];)es at 100° for one or two hours, 
when the mirtnre separates into two layers, the upper one 
being the ethylic chloride : — 

EtHo + HCl = EtCl + OH,. 

Alcohol. Hydroohlorio Efcfaylio Water, 

aoid. chloride. 



ETHTLIC IODIDE. 

CsH J or EtI. 

Molecular weight ==156. Molecular volume QII« 1 H^^^ of 
ethylic iodide vapour weighs 78 criths, Sp, gr, 1*9464. 
£oiU at 72°-2. 

Preparation. — By placing in a retort two parts by weight of 
alcohol and one of amorphous phosphorus, and then introducing 
five parts of iodine and distilling in a water-bath : — 

3C,H,Ho + P + I3 = 3C,HJ + POHHo,. 

AloohoL Ethylio Phosphorous 

iodide. add. 

Beaction, — ^Ethylic iodide, when heated with water in a 
sealed tube, produces ether and hydriodic acid : — 



2aHJ + OH, = 



O + 2HI. 

Ethylic Water. Ether. Hydriodic 

iodide. Acid. 
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The methylic and amylic iodides are similar liquids, and ob- 
tained by analogous processes ; the methylic iodide, CH3I, has 
the sp. gr. 2-237, and boils at 42** C. Amylic iodide, OgH^J, has 
the sp. gr. 1-511, and boils at 146°. 

The haloid compounds of the ally lie and phenylic series are 
•of comparatiyely little importance. 



HALOID UTHUBS OF THE JDTAD POSITIVE 

BADIOALS, 

I. Haloid ethers of the form C^Hs^HoCL 

Freparation, — These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 
of this class : — 

r CH Ho 

Ethylenic chlorhydrate or chloriydric glycol < njici ' 

{CH Ho 

Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p. 90). 



n. Haloid ethers of the form CJ3.2n(\' 

Freparation, — These ethers are generally formed by the 
direct union of the dyad radicals with the negative elements. 

The following list comprises the chief members of this 
class : — 

Boiling-point. 

Methylenic chloride CH^Clj 40° 

iodide CH,I, 181° 

Ethylenic chloride 0^^fi\ 85* 



„ bromide C^H.Bra 129° 



mmoBSSS^ . --.. " J3 
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Boiling-point. 



o 



Etbylenic iodide CgHJa - 

Propylenic chloride CgH^Cl, 103 

„ bromide CaHeBr^ 144° 



i, iodide CaHgla 



Butylenic chloride C.HgCl, 127' 

„ bromide C^HgBrj, 160' 

Amylenic chloride C^'Q^fi\ 



bromide C^Hi.Br, 175' 

By the action of potassium, sodium, or zinc, the radicals are 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important members of the series. 



ETHYLENIC BROMIDE. 

OABr, or [%^^l or Ef'Br,. 

Molecular weight =188. Molecular volume \ I i . 1 litre of 
etJiylenio bromide va/pov/r weighs 94 criths, Sp, gr, 2*16. 
Fuses at —18°. Boils at 129°. 
Freparation, — ^By agitating bromine and water with ethy- 
lene. 

Reactions. — 1. Boiled with alcoholic potash it yields brom- 
ethylene or vinylic bromide : — 

C,H,Br, + KHo = C^HgBr + KBr + OH,. 

Ethylenio Fotasaio Vinylio bromide Potassio Water. 

bromide. hjdrate. or bromethylene. bromide. 

2. Heated with an alcoholic solution of potassic acetate, it 
yields monacetic glycol. 

Ethylenio PotMsic Water. Monaoetio glyooL 

bromide. acetate. 

+ CMeOHo + 2KBr. 

Aoetio Potassio 

acid bromide. 
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ETHTLENIC CTAITIDE, JEthylenic Mtrile. 
Fuses at 37°. 



{ 



0H,C7 



Freparation. — ^By heating ethylenic bromide with potassic 
cyanide to 100° for sixteen hours : — 

fCH,Br , „ct^.»k: - /CH,(CN"') ^^ 

tcE^Br + 2CN K = |cH,(CN"') + ^^^^ 



Ethjlenio 
bromide. 



Fotaasio 
cyanide. 



Ethylenio 
ni^e. 



Fotaasio 
bromide. 



Beaction. — When boiled with alcoholic potash, ethylenic 
nitrile or abnormal cyanide yields potassic succinate : — 

r OH,(CN"') 2KHo + 20H - ■[ gH/COKo) gNF 
\ CH,(CN"') + '^*^** + ^"*^ - t CH/COKo) + ^""3- 



Ethylenio 
nitrile. 



Potasno 
hydrate. 



Water. 



Fotaasio 
Buocioate. 



Ammonia. 






Chlorhydrin .. 



HALOID ETREBS OF THF TBIAD FOSITIFF 

BADIGAZS. 

I. of the form CJ3!2„,iHoaCl. 

Boiling- 
point. 

r CH,Ho 

CHCl 227°. 

CH,Ho 

CH,Ho 

Bromhydrin ...-{ CHBr ISCP in vacuo. 

OH,Ho 

II. of the form C,H2„_iHoCl,. 

CH,C1 

CHHo 180°. 



DicWorhydrin... 



0H,C1 
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in. of the form C^Ha^.iClj. 



• Trichlorbydrin.. 



point. 

f OH,Cl 

OHCl 155^ 

[ OH,Cl 



IV. Of the fonn C^Ha^.iOCL 

Hydrochloric r CH ^ 

glycide or epi- j CH ^ 118°. 

chlorhydrin... I CHjCl 

JPreparation. — The ethers of the first three forms are obtained 
by the action of the hydracids upon glycerin ; whilst those of the 
fourth are produced by the action of alkalies upon the second 
form of x^ompounds. 



CHAPTER XV. 

THE ALDEHYDES. 

These compounds are intermediate between the alcohols and 
the acids. They are formed from alcohols by the abstraction of 
hydrogen ; hence the name, which is an abbreviation of alcohol 
dehydrog^enatwm. 

Three series of aldehydes are known, corresponding to the 
three series of monacid alcohols, viz. : — 

A. Aldehydes derived from CnHg^+iHo alcohols. 

B. ,, „ „ C„H2„_iHo „ 

C. „ „ „ CnHjn.^Ho „ 

Preparation, — 1. The aldehydes are formed by the oxidation 
of the alcohols ; ethylic alcohol, for instance, yields acetic aide-, 
hyde : — 
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/OH. 
t QH,Ho 

Ethrlio 
aloonoL 



o - 1°^ 



+ 



Acetio 
aldehyde *^. 



OH,. 

Water. 



2. Aldehydes are also formed by distilling a mixture of mole- 
cular quantities of the potassic salt of a fatty acid and of potassic 
formate : — 

{Sofco + {cOZo = (S5k + C0^«»- 



Foiaasio 
acetate. 



Fotassio 
formate. 



Acetio 
aldehjde. 



Fotasaio 
carbonate. 



This is an important reaction, as by its means the series 
of fatty acid^ can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen then the 
ftlcohol converted into an abnormal cyanide or nitrile, which 
by treatment with potassic hydrate gives the potassic salt of 
the next higher acid. GPhus : — 

/CH, 
tCOH 

Acetio 
aldehyde. 



+ H, = 



/CH, 
tCH^Ho' 



Ethvlio 
aloohol. 



/CH. 
tCH^ffo 

Ethvlio 
aloohoL 



+ 



SO,Ho, 

Bolphnrio 
acid. 



SO,HoEto + CN"'K = 



SnlphoYinio 
acid. 

f CMeH, 

t ON'" 

Bth]rlio 
nitnle. 



Fotassio 
cyanide. 

+ KHo + 

Fotassio 
hydrate. 



SOaHoEto 

Sulphovlnio 
add. 

SO,KoHo 

Hydrio potaasio 
sulphate. 



+ OH 



2 » 



Water. 



f CMeR 



1 ON'" 



OH, = 

Water. 



f CMeH 
tCOKo 

Fotassio 
propionate. 



Ethjrlio 
nitnle. 



» + NH,. 



Ammonia. 



Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 



*H 



H O 
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JReactions. — 1. By direct absorption of oxygen, the aldehydes 
are transformed into the corresponding acids : — 

tcOH + ^ - jCOHo • 

Aldebjde. Add. 

2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited : — 

{C?r' + 0^« - {cfe + ^Sr . 

Aldehyde. Argentic oxide. Add. 

3. When heated with potassic hydrate, the aldehydes yield 
the potassic salts of the corresponding acids, with evolution of 
hydrogen: — 

{c^r' + KHo = {g«^^^ + H, 

Aldehyde. Fotanio Fotaado 

hydrate. salt. 

4. Treated with nascent hydrogen, they are converted into 
the corresponding alcohols : — 

COH + -^a - \CH,Ho- 

Aldehyde. AlcohoL 

5. Most aldehydes combine directly with ammonia, forming 
crystalline compounds : — 

COH + "^» "" tCO(NHJ- 

Aldehyde. Ammonia. Ammonium 

oompoond. 

6. Aldehydes also combine with the alkaline hydric sulphites, 
producing crystalline compounds ; — 

(oOT^' + SOKoHo = SOKoHo, { g«^> . 

Aldehyde. Hydric potassic 

snlpnite. 
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A. ALBEHTBES BEBIVED FROM TEE C,HaH.iHo 

SEBIE8 OF AL00E0L8. 



Paainff'- Boiliiur- 



The foUowing are known :— 

poinC pointT 

{•a 
QQ^ 

Acetic aldehyde {oofe ^^**' 

Propionioaldehyde..|g^j^^a or {coH*^^ (4(f-45*0. 

Butyric aldehyde ...{co^' "^^ {cO&^'^^ (68^-76*»). 

Valeric aldehyde ...{cSh"' ""^ (coft^^"^ ^^'• 

(Enanthio aldehyde. . | ^o^^ ^^ { COH^''^^'' ^^^ " ^^* ^^^• 

Capric aldehyde (co&^"^^' " ^' ^^' 

Euodic aldehyde (coi^^"^^" + '^' 213^ 

Laurioaldehyde {c[)k^''^^' 232°- 

Palmitic aldehyde,.. I ^^^t^»)^ 52°. 

ACETIC ALDEHTDE, Aldehyde, 

JCOH- 
Molecular weiglit =44*. Molecular volume fTI . 1 litre of 
aldehyde vapour weighs 22 criths, Sp, yr. =0*79. Boils 
at 2r-8. 

Preparation. — 1. By oxidizing alcohol with chromic acid, 
chlorine water, or manganic oxide and sulphuric acid : — 

{o|ho + O = {goH + OH.- 

Ethvlio Aoetio Water. 

aloonoL aldehyde. 

2. By oxidation, casein, fibrin, and albumen also yield alde- 
hyde. 
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3. Aldehyde is formed when the vapour of alcohol or ether 
is passed through a tube heated to dull redness. 

Beactians. — 1. It gradually absorbs oxygen from the air, 
forming acetic acid, into which it is also readily converted by 
oxidizing agents :— 

fCH, . n -. JCH. 
tCOH -^ ^ - \COHo- 

Acefcio Acetio 

aldehyde. acid. 

2. It reduces silver salts, depositing lustrous metallic silver 
on the sides of the vessel. 

3. By the action of phosphoric chloride on aldehyde, ethyli- 
denic dichloride is produced : — 

{cok + PCI. = {gg'ci, + Poci.. 

Aoetic Phosphoric Ethylidenic Phosphorio 

aldehyde. chloride. dichloride. oxytri^loride. 

4. When submitted to the action of potassium, one atom of 
hydrogen is substituted by an atom of the metal, the compound 

{cok 

being formed. • 

5. Hydrocyanic acid transforms aldehyde into alanin : — 

{^ + HOH + OH. - {S*"™-^). 

Acetic Hydrocyanic Water. Aluun. 

aldehyde. add. 

By the action of nitrous anhydride, alanin or lactamic acid 
is converted into lactic acid : — 

2 { ^S'^"^^ + "A - 2 { g^lT" + ^. +0H, 

Alanin. Nitrons Lactic Water, 

anhydride. acid. 

There are three isomeric modifications of aldehyde : — 

. Metaldehyde, crystalline, subliming at 120^. 
Paraldehyde, liquid, boiling at 125°. 
Ulaldehyde, crystalline, fusing at 2°, boiling at 94°. 
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By the action of cUorine upon alcoholi tricUor-aldehyde is 
formed containing 3 atoms of chlorine in the place of ^ atoms 
of methylic hydrogen. It is named chloral, 

;cci3 

tCOH- 

This compound immediately unites with one molecule of 
water, forming chloral hydrate, which has the following con- 
stitutional formula : — 

OCl, 
CHHo- 



{: 



In the same operation chloral alcoholate is generally produced. 
Its constitution is expressed by the following formula : — 

\ CHEtoHo* 



B. ALDUHYDUS BEBWED FROM TRE C„H2«.iHo 

ALCOHOLS, 

ACBOLEIN. Acrylic Aldehyde, 

fCMe^H 
tCOH • 

Molecular weight =56, Molecular volume jTI * 1 litre of 
acrolein vapour weighs 28 criths. Soils at 52^'4. 

JPreparation. — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin : — 

{if: = -=■ - (§^^" 

Glyoerio, Water. Acrolein. 

2. By the oxidation of allylic alcohol : — 

f CMe"H . n - J CMe"H , f.^ 
lCH,Ho + O - jcQjj + OH,. 

AUylio Acrolein. Water. 

aloohoL 



BENZOIC ALBEHYDE. Ill 

3 By the action of heat on the product of the union of ace- 
tone with bromine : — 

fCOMe . \^ fCMeBr, 

Acetone. 

fCMeBr, _ fCMe'-H . „„„, 

Acrolein. Hydrobromio 

acid. 

Reaction, — By oxidation, acrolein yields acrylic acid: — 

rCMe"H , n -- fCMe"H 
\COH + ^ - \COHo • 

Acrolein. Acrylic acid. 



C. ALBUEYDSS DERIFED FROM THE aH^.^Ho 

ALCOHOLS. 

Boiling- 
point. 

Benzoic aldehyde | c(^...180°. 

Cuminic aldehyde | q«^ . . . 229^-4. 



BENZOIC ALDEHYDE, Oil of Bitter Almonds, Hydride of 

Benzoyl, 



{ 



COH- 



Molecular weight =106. Molecular volume m * 1 ^^^^^ of 
benzoic aldehyde vapour weighs 63 criths. Sp. gr, l'(M3. 
Boils at 180°. 

Brepa/ration, — 1. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or siy 
hours at 30°-40°. The synaptase present acts as a ferment on 
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theamygdaliii, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

C^,NO„ + 20H, = { g«^^ + NCH + 2C.H„0.- 

Amygdalin. Water. Benzoic Hjdrojmuuo Glaoose. 

aldehyde. acid. 

3. By digesting together plumbic nitrate, water, and benzylic 
chloride (chlorotoluol), benzoic aldehyde is formed: — 

Benzylic Plumbic Nitrous Water. Plumbic Benzoic 

chloride. nitrate. fuihjdride. chloride. iJdehyde. 

The benzylic chloride is prepared by passing chlorine into 
the vapour of boiling toluol. 

Eeactions. — 1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — ► 

tCOH + ^ - jCOHo- 

Benzoic aldehyde. Benzoic acid. 

2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate : — 



( 



^•^5 4. TCTJn — /^«^» 4. H 

COH + ^^° - tcOKo + "■»' 

Benzoic Potassic Potassic 

aldehyde. hydrate. benzoate. 



CHAPTER XVI, 



THE ACIDS. 



The acids form the most numerous family of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 
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Others are produced by the action of chemical agents on 
various organic substances. 

Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord- 
ins: to their basicitv : — 

^ a/ 

1. Monobasic acid^. 

2. Dibasic acids. 

3. Tribasic acids. 

The basicity of organic acids is determined by the following 
simple law: — an organic acid containing n semimolecules of 
occatyl is JX'hasic. 

MONOBMIG ACIDS. 

The monobasic acids, which always contain a single semi- 
molecule of oxatyl(COHo), include the six following series : — 

G-eneral formuUe. 

{C H 

2. Acrylic or oleic series { qJJ^-J^^''^^'^^'^ 

3. Lactic series { gg^H^^+OC^-S^m+OHo 

4. Pyruvic series {coS*^"""^'^- 

5. GlyoxyHc series { cqh?'"'*''^^^'- 

6. Benzoic or aromatic series \ noH*"^' 

The 1st, 2nd, 3rd, 5th, and 6th of these series may be regarded 
as the derivatives from corresponding series of alcohols. 

1. The Acetic series from the Methyl series of alcohols. 

2. „ Acrylic „ „ Yinyl 

3. „ Lactic „ „ Glycol „ 

5. „ Glyoxylic,, „ Glycerin „ 

6. „ Benzoic „ „ Phenyl „ ., 

VOL. II. I 
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The adds of the first, second, fourth, and sixth series are 
termed monohydHc as well as monobasic ; whilst the acids of 
the third series are termed dihydrie and monobasic, indicating 
their origin from the dihydric alcohols, and that they contain 
two semimolecules of hydroiyl, one of which is in the oxatyl 
or negative part, and the other in the positive part of the mole- 
cule. The hydrogen of the latter hydroiyl may be displaced 
by highly positive metals, in the same manner as the hydrogen of 
the hydroxyl in alcohols ; but it cannot be displaced by double 
decomposition with bases, in the same manner as the hydrogen 
in the oxatyl may be substituted. 

The acids of the fifth series are termed trihydrie and mono- 
basic, indicating that they are derived from the trihydrie alco- 
hols, and that they contain, besides the hydroxyl in the oxatyl, 
two other semimolecules of hydroxyl in the positive part of 
the molecule. 



1. AOBTIG OB FATTY SERIES OF ACIDS. 

{C H 
COHo*' 

These acids may be conveniently arranged under three divi- 
sions, viz. : — 

A. Normal acids. 

General formula... { q^^"^'^^'- 

B. Secondary acids. 

General formula... 1 0^^^^""+'^^^. 

C. Tertiary acids. 

General formula . . . { c^^'"'^'^'' 



NOKMAL FATTY ACIDS. 
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A. NOBMAL AOmS OF TEE ACETIO OB FATTT 

SEBIJES. 

General formula... | cOH?"^'^^'- 

In foKnic acid, which is generally considered to be the first 
term of this division, the radical C(C„Il2„^.i)H2 is replaced by 
H ; and in acetic acid the value of n=0. In reference to the 
following list of normal fatty acids, it must be borne in mind 
that the normal character has not been established in the case 
of those members which possess a higher molecular weight 
than OBnanthylic add : — 

Fusing Boiling- 
point, point. 

Formic acid {oOHo "^^^^ ^^' 

^ceticadd {^Jh^ «'{cobo- +""• II''- 

Propionicacid...{g^g»or{gg^H,)H, ^^^o 

D 4, • J /CEtH, _fO(aH,)H, below ,„,o 

Butyric acid { COHo ""^ { C0±o •-20°. ^^^ ' 

Val-ricadd {g5f„« or{ggg,)H, . _ ^ygo. 

Isopropaeeticadd{gg5H,„,jcgMe,H)H, _ ,,,o. 

Caproicadd { ggS or { c{)%?'^^' - +«''• ^^''' 

(EnaathyKcacid {g^^^,^,|0g3^H„)H, 212°. 

CapryKcacid ... {ggg' or{gj)%^")H»... +14'. 236^. 

Pekrgonic acid {oSi?'^^'-' +^^°' ^^*^' 

i2 
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Fii8iii|(- 
point. 



Caprlcacid {^^hJ''^^' 27'^-2(30°). 

Laurie acid jcOH?''^^' ^^''^• 

Myriafcieacid {cok?''^^' ^^''^• 

Palmitic acid IoOH?''^^' ^^'• 

Margaricacid {ocSi?''^'^' ^^°'^^ 

Stearic acid { Cok?''^^' ^^''^• 

Arachidic acid fcmif''^^' '^^°' 

Behenicacid ...; ( oSi?''^^^' '^^"• 

Hyoenasic acid • | §2sf''^^" ^^°- 

Ceroticacid jcok?"^'^" ^^°- 

Melissicacid { Cok?"^^' " ^^° 

Occwrrence. — The greater number of the acids of this series 
are met with already formed in nature, some in the free state, as 
formic /icid in ants and nettles, valeric acid in tlie valerian 
root, pelargonic acid in the essential oil of the Fehrgonium 
roseum, and cerotic acid in bee's-wax. 

Others are met with as the ethereal salts of monohydric 
alcohols. Thus spermaceti is cetylic palmitate, and Chinese wax 
eerylic cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
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mitic, and stearic acids, which, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation, — 1. By the oxidation of the normal alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 

{chIho + 0, - {gj^^ + OH,. 

Aloohol. Aoetio Water. 

add. 

2. By the action of alkalies or acids upon the nitriles or 
abnormal cyanides of the C^Hj^i series of radicals : — 



{Si?'?'"^' + KHo + OH, 



C,.H 
COKo 



»_^^«+i + NH3; 



Nitrile. Potasaio Water. Fotassio Ammonia. 

hydrate. salt. 

and 
{ci?''"''' +• HCl ■+ 20H, = {g'^;+' + NH.Cl. 

Kitrile. Hydrochloric Water. Acid. Ammonio 

add. chloride. 

Instances of these reactions are seen in the treatment of 
ethylic nitrile by a boiling solution of potassic hydrate, when 
it is converted into potassic propionate, ammonia being evolved, 
thus — 

{%^^^ + ZHo + OH, = {g^g» + NH,.. 

Ethylic Potassic Water. Fotasdo Ammonia, 

nitrile. hydrate. propionate. 

and in the conversion of ethylic nitrile, by the action of hydro- 
ch loric acid, into ammonic chloride and propionic acid — 

{%^^^ + HCl + 20H, = {g^^H, ^ j^jj.Cl. 

Ethylic Hydrochloric Water. Propionic Ammonic 

nitrile. acid. acid. chloride. 
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3. By the action of the potassium or sodium compounds of 
the C«H2,i+i radicals upon carbonic anhydride 



00, + 


0,Hs,+xNa = 


CONao' 


Oarbonio 
anhydride. 


Sodium 
compound. 


Sodio 
salt 



as, for example, in the formation of sodic propionate by the 
absorption of carbonic anhydride by sodic ethide : — 

• O0» + OMeB,T!Ja = {%^^. 

Carbonic Sodic e<ihide. Sodic 

anhydride. propionate. 

4. By the oxidation of aldehydes— 



( 



COH + " - \COHo' 

Aldehyde. Add. 



as in the conversion of acetic aldehyde into acetic acid by 
the absorption of atmospheric oxygen : — 

tCOH + " - \OOHo- 

Acetic Acetic 

aldehyde. acid. 

• 

Besides these reactions of general application, there are 
numerous special methods for the production of certain mem* 
bers of this series. In most of these methods, however, the 
reactions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 

Propionic and butyric acids are produced in some kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and other similar substances. 



^^^^^^^^-^^^|^g»^|B«|g|g|gi|g||| 
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Relatiom of the Normal Fatty Acids to the C„H2„^t Series of 

Sadicals. 

1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oxatyl is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty : — 



2 OOFo 


+ 







OH,. 


Add. 






Fositiye Garbonio 
radical. anhydride. 


Water. 



On electrolyzing a solution of potassic valerate, hydric po- 
tassic carbonate and the normal radical butyl are formed : — 

2{c& + OH, + = {g;|« + 2OOH0K0. 

Fotaasio Water. BatyL Hydrio potasaio 

Talerate. carbonate. 

2. When the ammonic salts of these acids are heated with 
phosphoric anhydride, they are converted into the nitriles or 
abnormal cyanides of the radicals of the C»H^i series — 

{o^r^H.O) + 2PA = {g-^,^+' + 4PO,Ho. 

Ammonic Bait. Phosphoric Nitrile. Hetaphosphorio 

anhydride. acid. 

as in the transformation of ammonic acetate into methylic 
nitrile by distillation vrith phosphoric anhydride :— 

fCH 



a. 

D(N'H,0) 


+ 2P,0. = 


JCH, 

■ CN^" 


+ 4PO,Ho. 


Ammonic 


Phosphoric 


Methylic 
nitrile. 


Metaphosphoric 


acetate. 


anhydride. 


acid. 



These abnormal cyanides are converted into monohydric 
alcohols by Mendius's reaction (see p. 55). 

Prom the alcohols so obtained, the C^Hgj^+i radicals are iso- 
lated as described at page 53. 
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Selations of the Normal Fatty Acids to the C„ll2h+iHo Series of 

Alcohols, 

1. By oxidation the normal alcohols yield these acids, as 
above shown. 

2. Conversely, the normal fatty acids can be converted into 
the CnHj^iHo alcohols, — 

1st, by Mendius's reaction (see p. 65); 

2nd, by Piria and Wurtz's reactions, viz. : — 

Distillation of the potassic salt of the fatty acid with an 

equivalent quantity of potassic formate, by which the acid is 

converted into the aldehyde, 

{cb^T + {cOKo = {%'Sr' + COK°«' 

Fotassio Potassic Aldehyde. Potassic 

salt. formate. carbonate. 

and subsequent treatment of the aldehyde by nascent hy- 
drogen, 

[COH + ^^ - tCH,Ho- 

Aldehyde. Iformal 

alcohol. 

3. By the action of sodium amalgam upon a mixture of the 
acid and chloracid : — 



8 



{ 



COHo 


+ 


{cOCr + 2Na.' = 


•^ 1 CONao 


Acid. 




Chloracid. 


Sodic salt. 




+ 


{o^fo + N«C1. 





j&lcohoL 



The anhydride of the acid is also formed and converted, by 
the nascent hydrogen evolved by the action of the sodium upon 
the acid, into alcohol. 
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delations of the Normal Fatty Acids to each other. Ascent of 

the Series, 

If the hydrogen constituting the positive part of formic acid 
were substituted successively by methyl, ethyl, &c., the vholo 
series of normal fatty acids would be obtained : — 

Formicacid {oOHo' 

Acetic acid | qoHo* 



{C H 
COHo* 

Butyric acid { QOHo 



This substitution has not yet been accomplished; but an 
analogous series of reactions has been effected with acetic acid. 

By the action of sodium on acetic ether, one of the hydrogen, 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether \ COEto' 

By acting on this body with the iodides of the C»H2„^i radi- 
cals, ethylic salts of the higher acids are produced. 

On submitting monosodacetic iether to the action of etbylic 
iodide, for instance, butyric ether is produced — 

fCH^Na ■ CHI - iS(^=^')^ + Nal 
t COEto + ^»^»^ - t COEto + J>ai. 

HonoRodaoetio Eth^lio Bntyrio Sodio 

ether. iodide. ether. iodide. 



FOBUIC ACH). 

{cOHo^-^CH^^^"' 

Molecular weight =46. Molecular volume PTI ' 1 ^*^^^ 9f 
formic add vapour weighs 23 criths. Sjp*gr, of liquid 1'2353. 
Fuses at V C. JBoils at 100° C. 
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Occurrence, — If red ants be made to pass over blue litmus- 
paper and be at tlie same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpillars 
and in the sting of nettles. 

Formation, — 1. Formic acid is produced in a very large num- 
ber of chemical reactions, as in the oxidation of many organic 
bodies (such as starch, woody fibre, or tartaric acid) by a. 
mixture of sulphuric acid and manganic oxide, or by potassic 
hydrate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated : — 

CHCl, + 4KHo = CHOKo + 3KC1 + 20H,. 

Chloroform* Potasaio Fotassio Potassio Water. 

hydrate. formate. chloride. 

3. By the oxidation of methylic alcohol : — 



{ 



OH^o + 0» - {cOHo + °^»- 

Methylic Formic Water. 

alcohoL acid. 



4. By heating equal weights of dry oxalic acid and glycerin 
together to 75® C, when the oxalic acid splits into formic acid 
and carbonic anhydride : — 

Oxalic Formic Carbonic 

acid. acid. anhydride. 

5. By digesting together at 100°, for forty-eight hours, 
potassic hydrate and carbonic oxide : — 



KHo + CO = 


fH 
' ICOKo* 


Potassic Carbonic 
hydrate. oxide. 


Potassic 
formate. 
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6. Formic add is produced in small quantities by digestiug 
carbon with permanganic acid. 

Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with sul- 
phuretted hydrogea, and afterwards rectifying the acid over 
plumbic formate : — 



OHOp. „ 


+ SM, = 


2 OOHo 

V 


+ 


PbS". 


Flumbio 
formate. 


Sulphuretted 
hydrogen. 


Forinio 
ftoid. 




Flnmbio 
■olphide. 



Character, — When heated with concentrated sulphuric acid, 
formic acid splits into water and carbonic oxide : — 

{cOHo = CO + OH,. 

Formio Oarbonio Water, 

aoid. oxide. 

Chlorine converts formic acid into hydrochloric acid and car- 
bonic anhydride : — 

{oOHo + Cl» = 2HC1 + CO,. 

Formio Hjdroohlorio Carbonio 

aoid. add. anhjdride. 

When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 

(oOHo + HgO = CO, + Hg + OH,. 

Formio Kereorio Carbonio Water, 

acid. oxide. anhydride. 



ACETIC ACID. 

1 OOHo • 

Molecular weigM =60. Molecular vohwie V I I . 1 litre of 
acetic acid vapour weighs 30 critha, 8p, gr, of liquid 1*064. 
Bisee at + 17°. BoiU at 117°. 
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Occurrence. — Found in small quantitaos in the juices of 
plants and in animal fluids. 

Manufacture. — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid; the acid is 
purified by being converted first into a calcic, and then into a 
sodic salt, the latter being afterwards decomposed by sulphuric 
acid. 

2.. By the oiddation of ethylic alcohol : — 



t CH,Ho 

Bthjlio 
alconoL 



+ O, = {gg'feo + OS- 



Acetic 
acid. 



Water. 



Preparation, — Pure acetic acid may be obtained by distilling 
potassic diacetate : — 



f CH, f CH, 
\COKo' jCOHo 

Fotasaic diacc£ate. 



_ fCH, fCH, 

- jCOZo + tCOHo* 



Potassio 
acetate. 



Acetic 
acid. 



Character. — Chlorine acts on acetic acid in sunlight, pro- 
ducing three chlorinated acids, in which chlorine is substituted 
for hydrogen : — 



{coko + ^'^ 

Acetic 
acid. 

fCH,Cl (,, 

COHo + ^'^ 

Konochloracetlc 
acid. 

fCHCi, . n 

tcOHo + ^'» 

Dichloracetio 
acid. 



= icoHo + ^^^- 

V. 

MoDochloracetio Hj-'drochlorio 
acid. acid. 



Dichloracetio 
acid. 



Hydrochloric 
aeid. 



= (Sok + HCl. 



Trichloracetic 
acid. 



Hydrochloric 
acid. 



The salts of acetic acid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 

tOOMo- 
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The acetates of the dyad metals have the constitution repre- 
sented by the following general formula : — 

■ 00-0 „.. „, 1 S?^°„, CMeO-0«„ 
.CO-O^ "loMe0"OMe0.0M- 

By the action of phosphorous chloride, acetic acid yields 
acetylic chloride : — 

3(S?ko + PCI. =3 {§5^1 + POHHo, 

Aoetio Phosphorous Acetylio Phosphorous 

aoid. ohloride. chloride. acid. 



PBOPIONIC ACID, Meihaeetic Acid. 

f CMeF, 
tCOHo • 

Molecular weight =74. Molecular volume \ I 1 . 1 litre of pro- 
pionic acid vapour weighs 37 criths. Boils at 141°. 

JPreparaiion, — 1. By the oxidation of metacetone — a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
' on sugar. 

3. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
abnormal ethylic cyanide (see p. 117). 

. 5. By the action of carbonic anhydride on sodic ethide 
(see p. 118). 
6. By the action of hydriodic acid on lactic acid : — 

f CMeHHo . oTTT ^ / CMeH, ott ^ t 

Xactio Hydriodic Propionic Water, 

acid. acid. acid. 
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BTJTTBIC ACID, EtJiacetic Add. 

J CEtH, 
t COHo • 

Molecular weight »=88. Molecular volume t I 1 . 1 litre of 

hutyrie acid valour weighs 44i criths, Sp. gr, of liquid 

0-9886. Fuses below —20°. Boils at 161° C. 

Occurrence, — ^In butter, juice of flesh, perspiration, and many 

animal secretions. 

TreparaUon, — 1. By tlie fermentation of sugar with putrid 

cheese. 

2. By the action of ethjlic iodide on sodacetic ether (for 

reaction, see page 121). 

VALERIC ACID, Valerianic Acid. 

r CPrH, 
tCOHo- 

Molecular weight =102. Molecular volume rTI * 1 lH^e of 
valeric acid vapour weighs 51 criths. Sp. gr.^of liquid 
0-937. Boils at \W. 

Occurrence. — In many plants, as in the roots of valerian and 
angelica. 

Breparation. — By the oxidation of amylic alcohol with a mix- 
ture of sulphuric acid and dipotassic dichromate : — 

Amrlio Valeric Water. 

alconoL add. 

Isomeric forms.'-^TheTe are four possible isomers of valeric 
acid: — 

Normal valeric acid or f CPrH, f CH,(CH,[CH,(CH3)]) 

propacetic acid t COHo ^' \ COHo 

H H H H 

I I I. 



C- 



H— C— C— 0- 



c=o 



I80HESS OP VALEBIC ACID. 
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iBopropacetic acid ...{gSg?» or {gSS.^^^^^J' 



H 
H— C— H 



H 



i 



H- 

H— C— H 

i 



— c— 



C=0 

I 

o 

I 

H 



Methetbaceticacid... {gg'^eH ^^ | CH(CH.)[OH,(CH.)i 



H 

H H H— C— H 

I J, I 
H— C— C C 

III 
H H H O 

i 



C=0 



Trimethacetic acid ... {%^^^ or {gg^^>». 



H 



H 

-L: 



H 



H— C- 



C- 



i 



c=o 

i 



H— C— H H 



i 



Of these, the normal, the isopropacetic, aod the trimetha- 
cetic acid are known. 
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B. SEOONDABT FATTY ACIDS. 

General formula... { cOH?'"^'^'^- 

Formation. — 1. By the action of the iodides of the C„H2„+i 
radicals on disodacetic ether, the ethereal salts of these acids 
are produced. 

2. Bj the action of a boiling solution of caustic potash upon 
the nitriles or abnormal cyanides of the secondary radicals. 



DIMETHACETIC ACID, or Isolutyric Acid. 

f CMe,H 
t COHo • 

Molecular weiglit =88. Molecular volume m . 1 litre of 
dimethacetic acid vapour weighs 44 criths. Boih at 152^. 
Isomeric with hutyric or ethacetic acid. 

Preparation. — 1. As a potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 

CNa^H , oTvyr^T — / OMe^H , oto- t 
COEto + 2^^^ = ICOEto + 2NaL 

Diaodaoetic llethvlio Dimethacetic Sodic 

ether. iodide. ether. iodide. 



f CMe,H 



CMe^H 



t COEto + ^H^ = jcogo + ^^H^- 

Dimethacetic Potassio Fotaasio Alcohol, 

ether. hydrate. dimethacetatc. 

2. By boiling isopropylic nitrile with solution of caustic 
potash : — 

fCMe,H . ^„ ^ OTI - JCMe,H ^ ^^ 

Iflopropylio nitrile. Potassic dimethacetate. Ammonia* 
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Beaction. — By a hot solution of chromic acid dimethacetic 
acid is decomposed into carbonic anhydride and acetic acid : — 

{conf + ««» - 2C0. + 20H, + {ggij„. 

Dimethacetio acid. Acetic acid. 

Acetone is sometimes formed as an intermediate product. 

{GKt H . 
COH ' ^^^^^^^^ ^^^^ caproic acid, and 

diamylacetic acid, \ nOHo » ^^^^^^^^^ ^^^^ lauric acid, have been 

prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 

C. TEBTIABT FATTT ACIDS. 

General formula... {c^h^""^'^'- 

Mrmation. — As ethereal salts, by the action of the iodides 
of the C„H2rt+i radicals on trisodacetic ether. 

IBIMETHACETIC ACID. 

f CMe, 
t COHo- 

Molecular weight =102. Molecular volume QQ- 1 ^*^^^ ^f 
trimethacetic acid vapour weighs b\ criths* Isomeric with 
valeric acid, 

Por the graphic formula of trimethacetic acid see p. 127. 
Preparation. — As an ethereal salt, by the action of methylic 
iodide on trisodacetic ether : — 

(SS^to + ^M«I - {oOElo + ^Nal. 

TriBodaoetic Methylic Trimethacetic Sodio 

ether. iodide. ether. iodide. 
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CHAPTER XVII. 

THE ACIDS. 

2. ACRYLIC OB OLUIC SUBIJES OF ACIDS. 

General fonnula of normal and f C(C«Ha,)"(^«»^ft"+0 
secondary acids \COHo 

This series is divided into normal, secondary, and olefin* 
Cbcids. In the normal acids mssO ; in the secondary it must be 
a positive integer. 

Most of the normal acids exist as ethereal salts of glycerin in 
natural fats and oils. 

The following is a list of the acrylic series of acids :— »• 

A. NOBMAL ACIDS. 

A r 'A fOMe"H fC(CH,)"H 

>^^^^^^^^^^ JCOHO ^MCOHo • 

Crotonicacid {^OHo ^MCOHo*^ ' 

Angehcacid j^^^^^^ or jcoHo ' 

Pyroterebic acid | cOHo ^^ ICoAo \ 

Damaluric acid C^lS.^fi^, 

Damolic acid . . .* ^18^2402' 

Moringic acid \ r TT O 

Cimicicacid :.../ •• * ^i^^^^r 

Phy setoleic acid 

HypogSBic acid 

Q-aidic acid 



^leHaoOa- 



Oleic acid :... (c8h?'^'^- 

Elaidicacid C^gH,,©,. 

Doeglic acid C^gHgeOa. 

Brassic acid. (Unicic) n tt ck 

acid) / • ^-^""»' 
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B. SECONDARY ACIDS, 



MetBacryHcacid ( g?^?^« or (ggf J'(CH,) . 

MetVlcrotonic acid {g^^f or {ggg'>"(^'>. 

Efchylcrotonic acid {gg^^f or {%^-£^" ^^^^'^ ■ 



P Crotonic acid 



C. OLEFINS ACIDS. 

{ CMe"H 
CH^ or 

COHo 



fO(CH,)"H 
CH, 
COHo 



Eormation of Normal Adds, — 1. By the oxidation of the 
alcohols of the vinyl or C„H2„_iHo series : — 

fC(C.H^)"H . o _ fC(C.HO"H OH 

tCH,Ho + u, - I COHo "^»- 

Alcohol. Add. Water. 

2. By the oxidation of the aldehydes of the acrolein or 

fC(C.Ha.)"H , o - JC(C,H^)"H 
JCOH + v^ - I COHo 

Aldehyde. Add. 

Eormation ofSeconda/ry Acids, — By the action of phosphorous 
chloride, phosphoric chloride, phosphoric oxytrichloride or 
phosphoric anhydride upon the ethereal salts of secondary 
acids of the lactic series, the elements of water are removed 
and the ethereal salts of the acrylic secondary division of acids 
produced : — 

Q / CCOnHj^OaHo , pp, of C(C„H2„) '(C„H2»+i) 

"^tCOEto '^ *^^^3 ^ "^tcOEto 

Ethereal salt of Phosphorous Ethereal salt of 

the lactic series. chloride. the acxylio series. 

+ POHHo, + 3HC1. 

Phosphorous Hydrochloric 

acid. acid. 

k2 
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JSbrmation of Olefine Acids. — By the action of potassic 
hydrate upon the nitriles or abnormal cyanides of the C.Hja-i 
fomily of radicals : — 

f CMe'-H f CM:e"H 

] OH, + KHo + OH, = -^ CH, + NH,. 

I ON'" [OOKo 

Alljlic nitrile. Fotassio Walter. Fotassio AmniDiiia. 

hydrate. ^ crotooate. 



delations of the Acrylic to the Acetic Series of Acids. 

The normal and secondary acids of the acryHc series, when 
treated with fused potassic hydrate, yield the potassic salts 
of two normal acids of the acetic series ; — 

{C(C„H2„)"(C„H2,^i) 
COHo 



+ 2KHo = 



{C(C/,nH2m+l)H3 
COKo 



Acid of the acrylic series. 



Potassic 
hydrate. 



Potassic salt of acid 
of the acetic series. 



+ 



f C(C„.2H2„-3)H2 

tCOKo 

Potassic salt of acid 
of the acetic series. 



+ 



Hj. 



All the members of the acrylic series found in nature give 
acetic acid as one of the acids produced in this reaction. 
From this and other considerations, it is believed > that their 
positive radicals all contain one atom of hydrogen and a dyad 
radical. They are normal acids ; and by the action, of fused 
potassic hydrate the dyad radical becomes substituted, by two 
atoms of hydrogen. Thus : — 



Acrylic acid. Potassic 

hydrate. 

+ 2KHo = 

Potassic 
hydrate. 

+ 2KHo = 

Potassic 
hydrate. 



OHj 
OOKo 

Potassic 
acetate. 



+ { OOKo 

Potassic 
formate. 



+ H,. 



f OEt"H 
jOOHo 

Grotonio 
acid. 

f OPr"H 
OOHo 

Angelic 
acid. 



{ coko + { ooko + ^^' 



Fotassio 
acetate. 



Potassic 
acetate. 



f OH3 . f OMeH, . „ 
•ooko +\OOKo + ^»- 



Fotassio 
acetate. 



Potassic 
propionate. 



ACRYLIC ACID. 
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Some of the secondary acids also give acetic acid when treated 
with fused potassic hydrate ; but this can only happen when 
the dyad radical is ethylene, thus : — 



lafliylio 
3id. 



Kethf 
acic 



Potaasio 
hydrate. 



\ COKo ■•" \ COKo + ">• 

Potassic 
propionate. 



Potassio 
formate. 



fCEt"Me . 9TrTT« 
\COHo + 2^°^ 



fOMeH, , fCH, , „ 
-.COKo +icoko + ^»- 



M^ethylcro- 
tonic add. 



f CEf'Et 
tCOHo 

Ethylcro- 
tonic acid. 



Potassic 
hydrate. 



+ 2KHo = 

Potassic 
hydrate. 



Potassic 
propionate. 



Potassic 
acetate. 



f CEtH, f CH, jj 

t COKo + t COKo + "»• 



Potassic 
butyrate. 



Potassio 
acetate. 



ACBTUC ACm 

f CMe"H 
tCOHo • 

Molecular weight =72. Soils at about lOOP. 

Fre^aration. — By the oxidation of acrolein with argentic 
oxide : — 

fCMe"H . rti fCMe"H , .„ 

toOH + °^e» = {cOHo + ^f^»' 



Acrolein. 



Argentic oxide. 



Acrylic add. 



Beactions. — 1. Acrylic acid, under the influence of nascent 
hydrogen, produces propionic, acid : — 



f OMe"H 
tCOHo 

Acrylic add. 



+ H, = 



f CMeH, 
t COHo • 

Propionic 
acid. 



2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 
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OLEIC ACID. 



{ 



C(C,H3,)"H 
OOHo. 



JPreparation. — Obtained in the purification of stearic acid. 
Reaction, — Heated with potassic hydrate, it gives potassic 
acetate and palmitate : — 



t COHo +^t^o- j QOK0+ \ OOKo 

Oleic acid. Potasaio Potassic Potassio palmitate. 

hydrate. acetate. 



+H,. 



CHAPTER XVIII, 

THE ACLDS. 

3. LACTIC SERIES OF ACIDS. 

General formula of normal and secondary acids : — 

J C(C„H3^^i)(C^H2„,^i)Ho 
t COHo 

In the normal acids m in this formula =0; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may be defined as acids 
containing one semimolecule of oxatyl, the fourth bond of the 
carbon of which is united with the carbon of a positive group 
containing one semimolecule of hydroxyl, or of the peroxide 
of a monad organic radical either positive or negative. 'The 
following examples will serve to illustrate this definition : — 
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H 

A 



H 



H 



H— 



H 
H— C— 



i 



C— H 

1 
O 



H— C— H 



— 0— H 



H 



C=0 



H— C— 

I 
H 



C=0 

I 
O 



— C— H 

I 



i 



=0 



r 

II 

H— C 

I 
H 



— C— H 



H 

Lactio acid. 



o 

I 

H 

Methyl-lactic 
acid. 



0=0 



o 



H 

Aceto-lactio 
acid. 



The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight divisions : — 

1. Normal Acids. 

2. Etheric Normal Acids. 

3. Secondarv Acids. 

4. Etheric Secondary Acids. 

5. Normal Olefine Acids. 

6. Etheric Normal Olefine Acids. 

7. Secondary Olefine Acids. 

. 8. Etheric Secondary Olefine Acids. 

1st. Normgl Acids, — A normal acid of the lactic series may 
be defined as one in which an atom of carbon is united with 
oxatyl, hydrqxyl, and at least one atom of hydrogen. The 
general formula of these acids is therefore 

JCEHHo 
\COHo • 
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In this formula K may be either liydrogen or any monad 
positive organic radical. The number of acids possessing 
the same atomic weight, and belonging to this division, is 
determined by the number of isomeric modifications of which 
the positive organic radical is susceptible. Thus, of the acids 
containing two, three, or four atoms of carbon, there can be 
only one of each belonging to this division, because these acids 
cannot contain a positive organic radical higher in the series 
than ethyl, and this radical is not susceptible of isomeric 
modification; but a normal acid containing propyl can have 
one isomer in this division, the two acids containing respec- 
tively propyl (CEtHj) and isopropyl (CMe^H). Por acids of 
this division containing normal positive organic radicals only, 
the following general graphic formula may be given : — 



H 



^H^ 



H-0— C-^C 



O 



C 



{Hjn 



H 



H 



In the case of glycollic acid «=0. 

The following are the acids at present known belonging to 
this division : — 

GlycoUic acid (coS''- 

Lactic aeid {cOBb^*'- 

Oiybutyric acid .{S§h?^°. 

Valerolactic acid f CoS^°' 

Leucic acid {coS^° 

2nd. Etheric Normal Acids. — An etheric normal acid of the 
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lactic series is constituted like a normal acid, but contains a 
monad org;anic radical, positive or negative, in the place of the 
hydrogen of the non-oxatylie hydroxy 1. The following is there- 
fore the general formula of these acids : in the graphic formula 
n, as before, may =0. 



H 



H— 0— C— C 



I 
C 



o o 

I 

+ 
E 



H 



H or 



. + ± 
J CEHEO 

tCOHo • 



n 



The number of possible isomers belonging to this division is 
very great ; for, in addition to those of which the normal a«ids 

containing S of the same value are susceptible, a host of others 

must result from the complementary variation of E and S. 
The lowest member of th© division, methylglycoUic acid (iso- 
meric with lactic acid), is the only one incapable of isomeric 
modification. 

The following examples will serve to illustrate the constitu- 
tion of the acids belonging to this division : — 



Methylgly collie acid. 



J CH^Meo 
tCOHo • 



Ethyl-lactic a<jid [^S^^""' 



AcetoJactic^acid 



fCMeHAco* 
t OOHo 



3rd. Secondary Acids, — A secondary acid of the lactic seriea 
is one in which an atom of carbon is united with oxatyl, hy- 
droxyl, and two semimolecules of a monad positive organic 
radical. The general formula of these acids is : — 



♦ Ago B peroxide of acetyl, CjHaOg. 
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H 






VH;„ 



H 

I 


I 

•c- 

i 

A 
I 

H 



O 



I 



H 



^ ^"^ icobo- 



;m 



In the graphic expression, the values of n and m may differ ; 
but both are positive integers, and neither may =0. In the 

symbolic formula K must be a monad positive organic radical. 
The following examples will serve to illustrate their constitu- 
tion: — 

Dimethoxalic acid •! noHo ^' 

Ethomethoxalic acid " 1 COHo 

Diethoxalic acid i COHo * 



The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two positive radicals, and, secondly, by 
the number of possible isomers of these radicals. The lowest 
two terms of the series are alone incapable of isomeric modi- 
fication by either of the causes itientioned. 

4th. Btheric Secondary Acids, — These acids stand in the 
same relation to the secondary as the etheric normal to the 
normal acids; they consequently contain a monad organic 
radical in the place of the hydrogen of the non-oxatylic hy- 
droxyl. The following is therefore the general formula of 
these acids : — 
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H 



I 

C 

I 



I 
C 



=0 



vH, 



^ °' toOHo- 



■± 
B 

■ I 


A 

I 

. o 

I 

H 

5th. Normal Olejine Acids. — A normal define acid belonging 
to the lactic series is one in which the atom of carbon united 
with ozatyl is not combined with hydroxyl, and in which the 
atom of carbon united with hydrozjl is combined with not less 
than one atom of hydrogen. The following are the general 
graphic and symbolic formuls of the acids belonging to this 
division : — 



(m 



H— O— C 



O 



C 



H 



H 



r c5hho 

C— 0— H or \ (CHJ, . 

[ OOHo 



)» 



i 



In both these formulad n must be a positive integer and 

cannot =0, but K may be either hydrogen or a monad positive 

organic radical. The defines of these acids may belong either 

to the ethylene or ethylidene series. 

The following are the only acids at presei^t known belonging 

to this division : — 

r CH,Ho 

Paralactic acid -{ CH^ 

[COHo 

CH,Ho 

Paraleucic acid ^ (C4H3)". 

COHo 

The number of isomers in this division will obviously depend, 
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first, upon the complementary variations of K and (CHj)« ; 

secondly, upon the isomeric modifications of which S is sus- 
ceptible; and thirdly, upon the isomeric modifications of 
(CH,)„. 

6th. Btheric Normal Olefine Acids, — These acids only differ 
from the normal olefine acids in having the hydrogen of the 
non-oxatylic hydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore, 

H 

u 



H-O— C 

|i 




I 
C 



H 



+ 
-E 



or 



rCEHEo 
COHo 



)« 



i 



As in the fifth division, n must be a positive integer and cannot 
s=0, whilst K may be either hydrogen or a monad positive 

organic radical; but E must be a monad organic radical, 
either positive or negative. 

7th. Secondary Olefine Acids. — ^A secondary olefine acid of 
this series is one in which the atom of carbon united with 
oxatyl is not combined with hydroxyl, and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad positive organic radicals, as shown in the following 
formulae : — 



H- 



0-C 

II 




I 
C 

I 
H 



+ 
E 



C— 0— H or 



n 



i 



ci.Ho 

(CH,)",, 

COHo 



In both of these formulsB n must be a positive integer and 

cannot =0, and K must be a monad positive radical. 

8th. Etheric Secondary Olefine Adds, — These acids rfi*e 
related to the secondary olefine acids in the same way as tlio 
sixth division to the fifth. No member of the seventh or eighth 
division has yet been formed. 
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Formation of the Normal Acids. — 1. By the oxidation of 
tlie glycols, or dihydric alcohols. 



{ 



CH^Ho + O, = Icoko + °^«' 

Glycol. GlyooUio Water. 

add. 



2. By the oxidation of the C„Ha,+iHo alcohols : — 
Ch'Ho. + Oa = [^§0 + °^^- 



{ 



Ethjlio Gljoollio Water, 

alcohol. acid. 



3. From the fatty acids, by converting them first into chloro- 
Bubstitution acids, and then actmg upon these compounds with 
potassic hydrate : — 

f 0(C„H2„+i)H2 . rjl -. r 0(CnH2„+i)HCl , -rrpi . 

Fatty acid. Chlorofatty acid. Hydrochloric 

acid. 

J C(C„H3^i)HCl , Tr-rr- _ f C(C„H2„+i)mro . -ij-pi 

\COHo + ^^^ - jCOHo + ^^^' 

GhlorofjEitty acid. Potaaaio Normal acid of the Potasrio 

hydrate. lactic series. chloride. 

Formation of Secondary Acids, — By the action of the zinc 
compounds of the monad positive organic radicals upon ethylic 
oxalate, and the subsequent addition of water : — 

f COEto 2^ ,^ H X _ f C(CnH2,+0.(Za"aH2„+iO) 
t COEto "^ ^^^KS-n^^d2 - \ COEto 

Ethylic Zinc compound of 

oxalate. monad radical. 

+ Zn(C,HaH.i)Eto ; 
\ COEto + ''"■"» •" t COEto 

Water. Secondary add. 

+ |g»^»-+» + ZnHo,. 

Hydride of Zincio 

radical. hydrate. 

Formation of Olefins Acids, — By uniting a dyad positive or- 
ganic radical with carbonic oxydichloride {phosgene gas) under 



n 
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the influence of sunlight, and subsequently acting upon the 
product with potassic hydrate : — 

CH- "^ ^^^^» '^ {ch"(C0C1);' 

Ethylene. Carbonic ozjdi- /3 Chlorpropionylio 

chloride. chloride. 

(Phosgene gaa.) 

{ S?fcOCl) + 3^0 = { C^OKo) + 2m + OH,. 

/3 Chlorpropionylio Potaasio Potassic Potassic Water, 

chloriae. hydrate. poralaotate. chloride. 



Helations of the Lactic to the Acetic Series of Acids, 

1. The transformation of the acetic or fatty into the nonnal 
lactic series of acids has been mentioned above (p. 141). 

2. The converse operation is effected with the normal and 
secondary acids of the lactic series by means of hydriodic 
acid : — 

f C(C„HaH.i)(C„B[2„,4i)Ho , rtTT-r_ J C(C„H2,^.i)(C„H2,„+i)H 
jCOHo ■*"^-^^""\COHo 

Add of lactic series. Hydriodic Acid of acetic series. 

add. 

+ OH, + I,. 

Water. 

If m does not =0, the fatty acid will be a secondary one, 
like the member of the lactic series from which it is derived. 

Belations of the Lactic to the Acrylic Series of Acids. 

If the ethereal salts of the secondary acids of the lactic series 
be treated with phosphorous chloride, phosphoric chloride, 
phosphoric oxychloride, or phosphoric anhydride, the ethereal 
salts of the secondary acids of the acrylic series are produced : — 

"^ \ COEto +*'Ol3-d I coEot 

Ethereal salt of laotio series. PhosphoronB Ethereal salt of acrylic series. 

chloride. 

+ POHHo, + 3HC1. 

Phosphorous Hydrochloric 

add. acid. 

. This reaction has not yet been accomplished with the normal 
acids of the lactic series. 
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A secondary lactic acid minus OHj^s an acrylic acid. The 
reverse of this operation has not been performed. 

LACTIC ACID. 

rCMeHHo 
t COHo • 

^- y^* of liquid 1-216. 

Occurrence. — In sour milk, Satierkrauty fluids of muscular 
tissue, gastric juice, saliva of diabetic patients. In the acid 
liquor of starch-factories, in blood, urine, tears, bile, &c. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids isparalactic acid (see p. 145). 

JPreparation. — By fermenting sugar with putrid cheese. 

For other processes, see pages 147 and 148. 

Its salts have the following general formulae : — 

J OMeHHo 
J OMeHHo 1 C0-Ot^„ 

t COMo • J CO-O^ • 

1 CMeHHo 

V 

Salts of monad metals. Salts of dyad metals. 

Isomerism in the Lactic Series. 

The synthetical study of the adds of this series affords an 
insight into numerous and interesting cases of isomerism. 
Commencing with the lowest member of the series, we have 
for glycollic acid the formula 

H 



O 

I 
H-C— H 



C=0 



i 



H 
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An inspection of this formula shows that glycoUic acid 
admits of no isomeric modification, except with a total change 
of type. The part of the formula below the dotted line repre- 
sents oxatyl, which cannot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of the formula above the dotted line, which admits of 
the following modification :— 

H 



H-C— H 

I 
O 



1 
The acid represented by the formula so modified no longer 

comes within the definition of the lactic series. It is carbo- 

methylic acid, and differs essentially from glycollic acid and 

the lactic series in general, inasmuch as the carbon of its 

negative radical, oxatyl, is linked to the carbon of the positive 

radical by oxygen*. 

* Bearing this constitution of carbomethylic acid in mind, we hare only 
to go one step further in order to perceive the constitution of carbonic add 
itself, and the explanation of the anomalous basicity of this acid ; for if, in 
the above graphic formula for carbomethylic acid, we replace the methyl by 
hydrogen, we have : — 

H 



H— C-H H 

I 



O O 

c=o c=o 

A i 



H H 

Carbomethylic add. Carbonic add. 

It is thus evident that the radical oxatyl, when united with hydroxyl, has 
sufficient negative power to produce a feebly dibasic acid ; but inasmuch as 
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There being no decisive evidence that homolacHe acid differs 
from glycollic acid, experiment and theory both agree in 
asserting that the formula CaH^Og represents only one acid in 
the lactic series. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an expression capable of the following 
three variations without quitting the lactic type :— 



No. 1. 
H 

hA 

H— C— O-H 
H C=0 

A 
i 



No. 2. 



A 

H— C— H 



No. 3. 



L 



H 



A 



H— C— H 

A=o 
A 



I 



H—C— H 

A=o 
A 



Or, expressed symbolically : — 



No. 1. 



No. 2. 



No. 3. 



f OMeHHo 
t OOHo • 



fCH,Ho 



fCH,Ho 
COHo 



f CH,Meo 
tCOHo • 



All the acids represented by the above formulad are known. 
The first expresses the constitution of lactic acid, which 



belongs to the normal division ( J CftHHo ) of the 
^ \icOHo / 



series, 



described at page 135 ; the second shows the atomic arrange- 
ment of paralactic acid ; whilst the third represents methyl- 
glycollic acid. The proof that the first two of these acids are 
so constituted is afforded by the synthetic processes sometimes 

carbonic aoid is not included in the category of organic acidsi it forms no 
exception to the law that an organic acid containing n semimolecules of 
oxatyl is ^basic. 

VOL. II. L 
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employed to produce them ; for ethylidenic cyanhjdrate is con- 
verted by elullitioii with potash into a salt of lactic acid, 
whilst ethylenic cyanhydrate is transformed under similar ciiv 
cumstances into paralactic acid. It has also been mentioned 
aboye, that paralactic acid is produced by the action of phos- 
gene gas upon ethylene. Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution : — 

H 



H-C-H or {°^: 

« 

it would consist of a semimolecule of methyl and an atom of 
hydrogen, both united with an atom of carbon two of the 
bonds of which satisfy each other. Thus the formation of 
ethylidene chloride from aldehyde and phosphoric chloride 
takes place as follows : — 

{cHb + PCI. = (^Cl, + ^^^' 

Aldehyde. Phosphoric Ethylidenio Phosphorio 

chloride. cUoride. oxytriohloride. 

the oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, viz. 

H 

I 
C— H 



Ciln " "(-: 



i 

Such, then, being the constitution of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula "No. I, whilst ethylene should 
produce an acid agreeing with formula No. 2. The acids 
actually produced from these sources are lactic and paralactic 



ISOMERISM IN THE LACTIC SERIES. 147 

adds ; hence No* 1 is the constitutional formula of lactic acid? 
and No, 2 that of paralactic acid — a conclusion which harmo- 
nizes perfectly with all the reactions in which the production 
of these acids can be traced. Thus in the formation of lactic 
acid by the oxidation of propylic glycol, we have 

J CMeHHo , n - J CMeHHo , ^tt 
tCH,Ho + ^a - \COHo "*■ ^^»- 

Propylic gljod. Laotioaoid. Water. 

Again, in the production of this acid from ethylidenic cyan- 
hydrate, 

CHko(CN'") +^^^+°^'^ icHHo(COKo) + ^^'' 

Ethylidenio Potassio Water. Potassio lactate. Axnmonia. 

CTaimydrate. hydrate. 

The formula given for potassic lactate in this equation is only 
apparently different in type from that previously used for lactic 
acid, since 

{ciko(COKo) = CMeHHo(COKo) = {gM^SHo 

In the reaction by which chloropropionic acid is transformed 
into lactic acid we have the following change : — 

Chloropropionic Potasaio Potassic lactate. Potaasio Water, 

acid. . hydrate. chloride. 

The production of lactamic acid (alanm), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 

Ammonio Hydrocyaaio Water. Hydro- Lactamic acid. Ammonic 

aldehyde. acia. cmorio (alanin). chloride. 

aoid. 

f CMeH(N"'m + NOHo = f CMeHHo , opr j. Tsr 
1 COHo I COHo + °"» + ^«- 

Ijtctainie acid Nitrous Lactic aoid. Water, 

(alanin). acid. 

l2 
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Not the least interesting reaction illustrative of the consti- 
tution of lactic acid is the formation of this acid by the action 
of nascent hydrogen upon pyruvic acid : — 

fCOMe . XT _ JCMeHHo 
jCOHo ■♦■"=»"-" \OOHo 

PyraTio aoid. Lactic acid. 

In a similar manner it can be demonstrated that the above 
formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or define division of these acids, 

{ (C^.(COHo) °' I gJ^J- • 

That paralactic acid possesses tUs constitution is proved, 
first, by its production from cyanhydric glycol — 

/ OH^Ho _j. 22^ + OH, = J ' 



\ CH,(CN"') 



OH, + NH,; 
COKo 



Cjanhydrio Potasado Water. ' Fotassio Axmaonia. 

^lyooL hydrate. paralaotate. 

secondly, by its formation from phosgene gas and ethylene 
(see p. 142) ; and thirdly, by its conversion into malonic acid by 
the oxidizing action of dipotassic dichromate : — 

f CH,Ho f COHo 

^ CH, + 0, = J CH, + OH,. 

[ COHo [ COHo 

Faralactio add. Malonic acid. 

By the action of water upon the chloride of P chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebidlition 
with potash, whilst chloropropionic acid gives under the same 
circumstances lactic acid, it follows that the former chloro-acid 
must be isomeric, and not identical, with the latter. Now 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid doesi as is seen in the 
following graphic formul© :— 
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yo.u 
H 

H— C— H 

01— C— H 



i 



I 

H 



ira.3. 

CI 
H— C-H 
H— C— H 

A 

I 

H 



A comparison of these fommlse with those of lactic and para- 
lactic acids (p. 145) shows at a glance that 'No, 1 is the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloropropionic acid, which, by the substitution of its 
chlorine by hydroxyl, must yield paralactic acid. By the action 
of nascent hydrogen, both isomeric chlorides will obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl-glycoUic acid (No. 3, 
p. 145) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the series, such is the 
rapid increase of isomeric forms, that we now encounter no less 
than eight possible isomers, all within the lactic family. 



Normal. 
No. 1. 



J CEtHHo 
tCOHo • 



Secondary. 
'So. 2. 

f CMe,Ho 
tOOHo • 

Normal oleflne. 



Etheiio normal. 



No. 3. 

f CH,Eto 
tCOHo • 



No. 6. 




No. 6. 

fCH,Ho 
i CMeH . 
[COHo 



No. 7. 

r CMeHHo 
CH, 
COHo 



No. 4. 

f CMeHMeo 
t COHo 



Etheric normal oleflne. 
No. 8. 

r CBLMeo 
CH, 
COHo 



Of these acids, Nos. 1, 2, and 3 are known. No. 1 is oxy- 
butyric acid; No. 2 is dimethoxalic acid, which is identical 
with acetonic acid. This being the case, the formation of the 
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latter by the action of hydrocyanic and hydrochloric acids upon 
acetone is easily intelligible : — 

{ oSke + "CH + 20H, + HCl = ( g^^f <> + NH.a 

Acetone. Hjdnocraxue Water. Hjdro- Aoetonioor 

acicL ohlorioadd. dimttiiozalio aoid. 

The third of the above formulsB is that of ethyl-glycollic acid. 

Of the possible acids containing five atoms of carbon, only 
two, viz. ethomethoxalic acid and valerolactic acid, are known. 
The cause of the isomerism of these two acids is seen at once 
from an inspection of their constitutional formula : — 

EthomethoxaKc acid | cqH^®^^- 

Valerokctic acid { COH?^* 

Of acids containing six atoms of carbon, the following three 
are known : — 

Leucica<ad {coS^"^' 

DiethoxaHc acid | coH^^- 

fCH,Ho 

Paraleucic acid \ (C.H,)". 

lOOHo 

The above formula for leucic acid is founded upon a reaction 
for the synthetical production of amidocaproic acid from valeric 
aldehyde and hydrocyanic acid. Valeric acid contains butyl ; 
consequently valeric aldehyde has the constitution expressed by 

{Bu 
COG ' ^^^ ^^^ reaction in question is therefore 

explained by the following equation : — 
( io(N^H,) +NCH+OH.+HCl= { %l^^"^ +NH.C1. 

Ammonic Hjrdro- Water. Hydro- Amidooaproic add Ammonio 

valerio aldehyde. cyanic chloric (leuou). chloride. 

acid. aotd. 
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Such being the rational formula of amidocaproic acid, its trans- 
formation into leucic acid by nitrous acid determines the conr 
stitution of leucic acid : — 

f CBuH(N'"H,) . T^HTTn / CBuHHo . nw j. i^ 

Amidooaproio aoid. Nitroua aoid. Leuoio acid. Water. 



CHAPTER XIX. 

THE ACIDS. 

4. PTBTJVIQ SMItmS. 

General formula { ooHo^'"^'^' 

In this formula n may =0. 

The following list contains all the known members of this 
series:-* 

Pyruvic acid | cqHo' ^^^ ^* ^^^''• 

ConvolvuHnoleic a^id... j cqHo'"^''^- ^^^^ ** ^^°- 

Jalapinoleic acid | coiE)"'^''^- » ^^°- 

Eicinoleio acid jcOHo'"^''^- » ^°- 

Pyruvic acid only is well known. 

The first member of this series would have the formula 

{COH 
COHo* ^^* ^^ ^® believed to be formed by the dehydration 

of glyoxylic acid; but its existence has not yet been satisfactorily 
demonstrated : — 

J CHHo, rtTT J COH 

tOOHo "" ^^2 ^ \COHo* 

GlyozyUc add. G-lyozalio add. 
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The aldehyde of this acid, however, is known. It is called 
glyoxal, and its formula is : — 

fCOH 
tCOH* 

Gljoxal is produced by the oxidation of ethylic alcohol .hy 
nitric acid : — 

{c^o + O. - {§81 + 20H,. 

. Ethrlio Gljozal. Water. 

aloonoL 

These acids are the semi-ketones of oxalic acid, and they stand 

in much the same relation to this acid as that which acetone 

occupies with regard to acetic acid : — 

f CH, f CH3 

t COHo '' \ COMe- 

Acetic add. Acetone. 

f COHo f COMe 

JGOHo' tCOHo- 

Oxalic add. PymTio add. 

The pyruvic series is also closely related to the lactic series ; 

pyruvic acid absorbs hydrogen and is converted into normal 

lactic acid : — 

rCOMe , TT _ JCMeHHo 
tCOHo + ^ - \COHo • 

Pyruvic Lactio 

add. add. 

6. TSU GLYOXTLIO SUSIES OF AGIDS. 

r C H Ho 

General formula... |°^%^2«+i) Ho, ^ J c1hI_iHo. 

In the second formula n may =0. 

The two following acids of this series are known: — 

Formula. FhTaioal condition. 

{CTTTIo 
COHo^* Syrupy, crystalline hydrate. 

r CH,Ho 

Glyceric acid \ CHHo. Syrupy. 

COHo 
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These acids are trihydric, but monobasic, and are related to 
the glycerin series of alcohols in the same way that the mem- 
bers of the lactic series are related to the glycols : — 



{ 



CH,Ho f OH,Ho 

CH,Ho- t COHo • 

OlyooL G-1 jcollio acid. 



rCH,Ho 
CHHo. 



OH,Ho 



OH^Ho 
CHHo. 
COHo 

G-ljoerin. Glyceric acid. 

By a reaction similar to that which is believed to produce 

glyoxalic acid from glyoxylic acid, glyceric acid yields pyruvic 

acid: — 

CH,Ho f CH3 

CHHo - OH, = ^ CO . 
COHo [ COHo 

Oljoerio add. Fyniyic acid. 
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THE ACIDS. 

6. TMJS BENZOIC OB ABOMATIC SEBIES OF 

ACIDS. 

General formula . . . | c(MHo"'" 

JFormatian, — ^1. By the oxidation of the aromatic or 
C»Hft,-7Ho alcohols : — 

CH^o + ^a - tcOHo. + ^^«- 

Benxylio aloohoL Benzoic acid. 

2. By the oxidation of the aromatic aldehydes. Thus benzoic 
acid is formed from benzoic aldehyde, or oil of bitter almonds 
(see p. 112). 
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8. Bjr the action of alkalies on the nitrileB or abnormal 
cyanides. Thus potassic benzoate is formed hj the action of 
potash upon Benzonitrile : — 

{c^« + KHo + OH, = (g^^ + NH.. 

BenBonitrile. FofaUMUi bencoste. Ammonia. 

4. By the action of sodium and carbonic anhydride on the 
bromides of the C^Hai.y radicals : — 

O.H,Br + Na, + CO, = {o'Sao + ^*^''- 

phenjlio bromide or Sodie bensoate. 

moaobrombeiutoL 

5. Some members of the series are produced by the oxidation 
of the hydrides of the C„Hai,.7 radicals : — 

O.Me,H, + O, = {o^* + OH,. 

Dimetbjl-bensoL Tolujlio wnd. 

6. The acids of the aromatic series may be obtained from the 
mon amines of the series containing one atom less of carbon. 

Thus Phenylamine, when distilled with oxalic acid, produces 
phenylformamide :— 

{ OOHo + ^^a(C.H.)« WH(CA)(CHO) + OH, + CO, 

Oxalic aoid. Fhenjlflonine. FhfinyUbrmomide. Water. Carbonic 

anhydride. 

Phenylformamide, by the action of heat, gives water and 
benzonitrile : — 

NH(C.H.)(CHO) = OH. + [%§?.. 

Fhenjlfomuunide. Benzonitrile. 

Benzonitrile, heated with potassic hydrate, gives potassic 
benzoate and ammonia : — 

{?#" + ^Ho + OH, = {^§.^ + NH.. 

Benzonitrile. Fotaasic Fotazinc Amm^mV 

hydrate. Benzoate. 

Tduylic acid, \ qq-Aq ^> can thus be obtaiiied firom toluidine, 
NH^(C,H,Me). 



BENZOIC OR AROMATIC SERIES. 155 

The following terms of tliis series are known :— 



Fhenoic acid 
Collinic acid 
Benzenic acid 



^...| 



C.H3 
COHo 



Heltinf- Bdlinff- 

point. point. 

. 60». 

, 970. 



Alpb.xylic«^ {gS&?^^^" ^^- 

id I 

COHo 



Cuminicacid ^ C(^'o ^^^' 



above... 110^ 235°. 



Benzoicacid {cOTo '^^^'''^' ^^^''' 

Toluylicacid {c"0H?* ^^^'^* 

Alplia-toluyHc acid {coS' '^^'^' ^^'''^' 

rriTiyr TT flOS^O. 273° 

^yli^-^d ., {ge^A ...J 12^60.0. -^ 



These acids have the same constitution as those of the acetic 
series, but contain the G„H2n^ radicals. 

They have been much less studied than the acetic series ; and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycolHc, 
pyruvic, and glyoxylic series bear to the acetic series. Already 
an acryloid acid of this section is known corresponding to 
alpha-xylic acid : — 

f q(C,H,)H. fC(C^)"H 

tOOHo tOOHo 

Alplift-xylM add. Cinnamic aoid. 

Cinnamic acid is decomposed, like the acids of the acrylic 
series, when heated with fused potassic hydrate ; it gives, under 
these circumstances, potassic acetate and benzoate. For the 
analogous reaction in the acrylic series see p. 132. 
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Atropio acid, obtained by the action of alkalies on atropine, 
has the formula \ noKo* ^^^ ^ isomeric with cinnamic add. 

Salicylic acid (with which oxybenzoic acid and pyrabenzoic 
acid are isomeric) is the lactic acid of benzoic acid : — 



fC.H. /C,H.Ho. 

\OOHo tOOHo ' 

and the oil of meadow-sweet (l^iraa uhnaria) is geoerally re- 
garded as the aldehyde of salicylic acid : — 

f C.H,Ho 
JOOH • 

Oxymethfl-phenylfirmio acid is the lactic representative of 
toluylic acid, from which last-named acid it is prepared. Its 
constitntion will be understood &om the following graphic 
formula : — 

H 



H— C=C 



C— 0-H 



OBL,Ho 

COHo H— C C— H 



H— 0— 0- 



A 



o 

II 

C— 0— H 



Osgrmethjl-phenjlfonnio acid. 

The following acids also probably belong to thephenyl-lactic 
series: — 

Helting^ 
point. 

I fCresotic add {%oSo •^^^• 

IJAnisicacid {c'^^^° 17^° 

Paraphloretic acid 1 COdo 

Thymoticacid {SoB^ ^2^- 
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BENZOIC ACD). 



{ 



CeH, 



COHo" 

Molecular weight =122. Molecular volume I I L 1 litre of 
benzoic acid vapour weighs 61 criths. Fuses at 121°'4. 
Boils at 239^ 

Occurrence. — ^In many balsams and gums. In putrid urine. 
JPreparation. — 1. By the oxidation of oil of bitter almonds 
(p. 112). 

2. By the action of fused potassic hydrate on cinnaniic 
acid : — 

Cmnanuo Fotamio Potassio Fotossio 

aoid. hydrate. aoetate. benzoste. 

3. By boiling hippuric acid with hydrochloric acid :^— 

CK^O. + OH. = {g^^ +{g^,. 

Hip^orio Water. GlyooUamio Beutoio 

acid. acid. add. 

4. By the action of oxidizing agents on casein or gelatin. 

5. From gum benzoin, by sublimation, or by extraction with 
potassic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 

6. Styrol treated with a solution of potassic permanganate 
gives benzoic acid and carbonic anhydride : — 

O.H, + 0. = {gg^„ + CO, + OH,. 

Styrol* Beiuoio Oarbonio Water. 

add. anhydride. 

Oallic acid is a tetrahydric monobasic add of the formula 



{ 



CeH,Ho, 
COHo 



It may therefore be regarded as benzoic acid in which threer 
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atoms of hydrogen have been replaced by tbree semimolecules 
of hydroxyl. 

Tannic acid is obtained by the abstraction of one molecule 
of water from two molecules of gallic acid. Its constitutional 
formula is : — 



rOOHo 
C,H,Ho, 
O 

CeH,Ho, 
COEo 



CHAPTER XXI. 

THB AOmS. 

DIBASIC ACIDS. 
Q-eneral formula... A(COHo)2 or \ BfCOHoV 

A and B being dyad radicals containing C^HmOj. 

These acids all contain two semimolecules of oxatyl ; and if 
in the general formula n, m, and I bQ, oxalic acid will be the 
first term of the series. 

Ibrmation, — Many of the dibasic acids are produced by the 
oxidation of substances, the molecules of which are richer in 
carbon, such as oils and t&ta. Others are found ready formed 
in nature. 

BeaeHons, — 1. By the action of dehydrating substances, and 
even sometimes by heat alone, these acids lose water, forming 
anhydrides : — 

Add. Water. Anhydride. 
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, 2. If the anhydride be submitted to the action of phosphoric 
chloride, an atom of oxygen is replaced by two of chlorine : — 

(fiS^o)+ pot = {A<g8g) + poo;. 

Anhydride. Fhoaphorio Chloride. PhoBphorio 

ohloride. oxytriohlOTide. 

8. Both the imhydrides and the chlorides are reconyerted 
into the acids by the action of water : — 

fA(COCl) . „o„ _ fA(COHo) , o^p, 
tB(COCl) + ^^^ =" tB(COHo) + 2^^- 

Chloride. Water. Add. Hydroohlorio 

add. 

The dibasic acids may be divided into the four following 
series : — 

1. Succinic or acetoid s^es I q** h* VcOHo) * 

In the first member of the series ♦» a«0. 

2. Pumaric or acryloid series "I c'lL^I'.'fcOHoi " 

3. MaUc or lactoid series ( clH^(Ca^^ 

4. Tartaric or glyoxyloid series . . . { cfcHo(CoS^ 

The first and second series are dibasic and dihydric ; the third, 
dibasic and trihydAc ; and the fourth, dibasic and tetrahydric. 



« 
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Gfeneral formula ... 



^gOH° fOOHo 

J^"^* or -^CH^. 

OOHo ^ ^^^^ 



In addition, to oxalic acid (ozatyl) which many chemists 



^ 
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regard as the firsfc member of tbis series, the following are 
known: — 

fOOHo 

Malonicacid i CH, . Fuses at 140°. 

[COHo 

rOOHo 

Succinic acid ]C^ . Puses at 180°. Boilsat285*. 

[cOHo 

fCOHo 

IsoBUCcuiic acid < OMeH. Fuses at 130°. 

[ COHo 

r COHo 
C,H, . Fuses at 112°. Boils at 20^. 
COHo 

COHo 

C^H, . Fuses at 140°. 
.COHo 

rCOHo 



Fyrotartaric acid ... - 



Adipic acid 



Pimelio acid 



Suberic acid 



C,H,,. Fuses at 184°. 
COHo 

fCOHo 
C,H,,. Fuses at 125°. 



COHo 

rcoHo 

Anclioic acid ■{ C^H,« . Fuses at 116°. 

I COHo 

fCOHo 

Sebacicacid -ICgH,,. Fuses at 127°. • 

[COHo 

fCOHo 

Boccellic acid i C,,H,,. Fuses atl82°. Boilsat200°. 

[ COHo 

It is obvious that tbere may be several modifications of each 
of tbese acids. Thus there are two succinic acids, one con- 
taining ethylene, and the other ethylidene (see p. 168) : — 

fCH.(COHo) .„, fCH, 
IChI(COHo) *°* \CH(COHo); 
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1. JSelations of the Succinic to the Lactic Seriei of Adds dnd t(t 

the Glycols. 

These acids are related to the lactic series and to the glycols 
in the same way as the fatty acids are related to the monacid 
alcohols': — 

f CH3H0 J CH^Ho f OOHo 

t CH,Ho- 1 COHo • t COHo- 

Glycol. G-ljcollic acid. Oxalic acid. 

This relation, however, does not strictly extend beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acid to paralactic and paraleucic 
acid : — 

J CH,(CH,Ho) f CH,(CH,Ho) J CH,(COHo) 
tCH,Ho • jCfOHo • tCOHo 

Isopropylic glycol. Paralactic add. Malonic aoid. 

(Unknown.) 

fC,H,(CH,Ho) /C.HXCB;Ho) fC.H,(COHo) 
tOH,Ho • tCOHo • tCOHo 

Unknown glyooL Paraleucic acid. Adipio acid. 



2. Relations of the Succinic Series to the Dyad Radicals, 

1. The acids of the succinic series are intimately related to 
the dyad radicals, the nitriles or abnormal cyanides of which 
are readily converted into dibasic acids by ebullition with 
potassic hydrate or hydrochloric acid : — 

Abnormal cyanide of Fotassio Water. Potassic salt of the Ammonia, 

the dyad radical. hydrate. dibasic add. 

2. Some of these acids, when heated with excess of caustic 

baryta, give up two atoms of carbonic anhydride, yielding the 

hydrides of the dyad radicals:— 

COHo 

C,H,, « 2C0, + (CAJ''H,. 

COHo 

Suberic add. Carbonic 

anhydride. 

VOL. IT. M 
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fCOHo 
[OOHo 

Sebado acid. 



200. + (O.H„)"H,. 



Carbonio 
anhydride. 



These reactions are the analogues, in the dyad series, of 
the process by which marsh-gas is obtained from acetic acid. 
The hydrides of the dyad radicals so obtained are isomeric 
with those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successive stages : — 

In the case of a monobasic acid, 

{cohT -ooa 

In the case of a dibasic acid, 
iBt atase I C«H«(COHoJ 

r Ol.HJ»^.^ 
2nd stage... i CnHj^ 
i OOHo 



C,H»^.iH. 



- CO, = 



- CO 



COHo 
»H2« 






3. Belations of the Suecinio to the Acetic Series ofAcide. 

1. By the loss of the elements of carbonic anhydride, the 
£j*st three members of the succinic series are converted into 
members of the acetic series, containing one atom of carbon 
less : — 

^ { COHo' 



rcoHo 

tCOHo 

OzBlioaoid. 



00. 



fOOHo 
OH, 
COHo 

Malonio 
aoid« 



Carbonio 
anhydride. 



00. 



Carbonio 
anhydride* 



Formioadd. 



r CH 
{ ooW 



▲oetioMid. 
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K - -• - {»■ 

Snociiiio Carbonic Pn^ioaio 

Mid. anhydride. add. 

In the first two cases tlie action of heat alone is sufficient 
to effect the transformation ; but in the third the affinity of 
lime for carbonic anhydride must be superadded. 

2. Conversely, the members of the acetic series may be con- 
verted into those of the succinic containing one atom of carbon 
more, by replacing one atom of the hydrogen in the positive 
radical of the acid by cyanogen, and then boiling with potassic 
hydrate : — 

Cyanaoetio add. Pot4k8sio Potassio malonate. Ammonia. ' 

hydrate. 

The conversion of formic acid into oxalic acid, by heating 
with potassic hydrate, also belongs to this class of reactions : — 

2 ( dOHo + 2KHo = { ggg + 20H, + H, 

Voramtdd. Fotauio Fotenio Water. 

hydrate. oxalate. 

SUCCINIC ACID. 

fCOHo 
OH, 
CH, • 
COHo 

Fuses at 180^. Boils at 235°. Dissolves in 20 pmrts of cold 
water, 

Occurrenee,-^ln amber ; in some kinds of lignite ; in the 
resin of some kinds of pine ; also in many other vegetable and 
animal substances. 

Formation* — 1. By the action of potassic hydrate upon ab- 
normal ethylenic cyanide (p. 161) : this reaction proves that 
succinic acid contains ethylene, and that its constitutional for- 
mula is as given above. 

m2 
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fOEtH, . o - 



+ OH,. 



2. By the oxidation of butyric acid by mtric acid : — 

fCOHo 

COHo 

Butyric acid. Succinic add. Water. 

The nature of this reaction is more clearly seen with fully 
developed formula, thus : — 

I'OH, fCOHd 

o^ + 03 =* §^ + os«- 

COHo [COHo 

Batyrio aoid. Snocinio add. Water. 

3. By the reduction of malic acid by fermentation, or by 
hydriodic acid :— 

fCOHo fCOHo 



SP« + H, =. 



OH, 



OH 



COHo 

Malic add* 



+ OH,. 



OH, , 
COHo 

Saodnio add. Water. 

4. By the reduction of tartaric acid by bydriotUc add : — 

(COHo • fCOHo 

olio + 4HI = gg. + 20H, + 21, 
COHo [ COHo 

Tartaric Hrdriodio Sncdnio Water. 

acid. add. add. 

It is evident that this reaction is perfectly analogous to that 
by which lactic, acid is transformed into propionic acid (p. 125). 

5. The two isomeric acids, fumaric and maleic acids, are 
converted by nascent hydrogen into succimc acid : — ■ 

rOOHo 



iCOHo 
;OH 
"iCH 
{COHo 

f COHo 
OH, 
"C 
COHo 



+ H, 



OH, 
OH, • 
COHo 

Snocinio acid. 

rcoHo 



+ H, 






OIL 



CH, " 
tCOHo 

Succinio acid. 
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6. By boiling ethylic /3 cyanopropionate with solution of 
caustic potash : — 

fCW" rCOKo 

[ COEto [ OOKo 

£thylio/3 Snooinio jUoohoL Ayniy^^i^ 

cyanopropioiiate. tuud. 

The two processes by which succinic acid is generally pre- 
pared are, the distillation of amber and the fermentation of 
calcic malate. 

Meactions, — 1. By distillation, succinic acid splits almost 
entirely into succinic anhydride and water : — 



COHo 
COHo 



fCO , 

C,H, O + OH,. 
CO " 



Snodnio Snooinio Water, 

acid. anhydride. 

2. Under the action of nascent oxygen produced by electro- 
lysis, succinic acid yields ethylene, carbonic anhydride, and 
water : — 

fCOHo 
C3H, + « C,H, 4- 2C0, + OH,. 
COHo 

Snooinio Ethylene. • Carbonio Water, 

acid. anhydride. 

• 

8. Succinic acid may be boiled for hoiu*s with concentrated 
nitric acid without suffering any change ; neither is it affected 
by a mixture of potassic chlorate and hydrochloric acid ; but it 
produces acetic acid when distilled with sulphuric acid and 
manganic oxide. 

4. Succinic acid forms three kinds of salts, viz. : — 

Normal. Acid. Superacid. 

fCOMo fOOHo fCOHo 

{ COMo { COMo [ OOMo 

CO , 

0,H, Mo". 
CO ' 



rCOHo 
COHo 
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ISOSUCaKIC ACID. 

fCOHo 

\ CMeH • . 

I COHo 

Fuses at 130°. Dissohes in 5'4i parts of cold tDOter. 
Formation. — ^By boiling ethylic o cyanopropionate with solu- 
tion of caustic potash : — 

/ CN'" f OOKo 

\ CMeH + 20KH + OH, = < CMeH + HBto + NH,, 

[ COEto [ COKo 

Ethjlio Snocinio Alcohol. Ammonia* 

a oyanopropionate. aoUL 



CHAPTER XXII. 

THE ACIDS. 

2. FUMABIQ OB ACBTLOID SERIES, 

aeneral formula ..." { c;;fc(COHo) ^^ 0„H^.,(COHoX. 

In this series there are three isomeric acids containing four 
atoms of carbon, viz. . 

Formtda. 

Fumaric acid "j ' 

Maleic acid i "C",H,(COHo), ; 

Isomaleic acid J 

and three other isomeric acids containing five atoms of carbon, 

viz. 

Itaconic acid \ 

Citraconic JWJid I ^(03)^H,(COHo),. 

Mesaconic acid J 

Constitutional notation predicts the existence of p, fourth 
acid belongiug to the four-carbon group. The following are 
the four possible formuhe for these acids :— 
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No. 1. 



No. 2. 



No. 3. 



H 

A 



c=o 

hJ3 



H 

i 

H— C— H 



A 

I 

c=o 



No. 4. 

H 



O 

C=0 



H_G— C— H 



C=C 



o=c 





I 
H 

iCOHo 
)CH 
"iCH 
{COHo 



CD 

A 
i 

COHo 
OH, 
C 
COHo 



A=o 
A 



H C=0 



H 



H 



n 



fCOHo 
< C("CH)H. 
I COHo 



fCOHo 

\ CMe". 
(.COHo 



Of these formulae, Nos. 1 and 2 represent fuinarie and maleic 
acids. Data are still wanting to enable its own particular for- 
mula to be assigned to each of these acids ; but the first two 
formulffi must belong to fumaric and maleic acids, because both 
these acids yield succinic acid under the influence of nascent 
hydrogen, thus:— 



No. 1. 
jCOHo 
JCH 

{COHo 

No. 2. 

COHo 
CH. 
"C 
COHo 



+ H, = 




rCOHo 



+ H, = ICH 



ICH, 
(.COHo 

Snooinio aoicL 



A 

H— 0— H 
H— C— H 

oJ 



O 



H 

Saocinio add. 
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2 * and not 



e 



That succinic acid contains ethylene fti\ q^'} 

thylidene l\ /^q^-m, is proved by its formation from abnormal 

ethylenio cyanide (p. 161) ; but formulae Nos. 3 and 4 give, by 
the addition of two atoms of hydrogen, the formula of isosuc* 
cinic acid containing ethylidene, thus : — 



No. 3. 
fOOHo 

\crcs)B. + H, 

[OOHo 



fCOHo 
\ CMeH. 
[OOHo 



H 

A 



No. 4. 

fCOHo 
^ CMe" 
[OOHo 



H C=0 
H— C— C— H 



H. = 



fCOHo 
] CMeH. 
[OOHo 



H C==0 

A. 

I 

H 

Isosaocinio acid. Isosoociiuo add. 

Fumaric acid combines directly with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinic acid. The following 
formulae show the nature of this isomerism : — 

« 

Corresponding to No. 1. 

O H H 

fCOHo 
JCHBr 
^ CHBr 



0— C— C— C 

I 



OOHo 



A 



H 



Br Br .0 

I 

H 



rcoHo 

J OH, 
CBr, 

,COHo 



Corresponding to No. 2. 

O H Br O 

II 



0— c— c— c 

III! 

H Br 6 

1 I 
H H 
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When acted upon by nascent hydrogen, both these isomeric 
brotno^acids produce, as might be expected, the same succinic 
acid: — 



''COHo 
OHBr 
OHBr 

LOOHo 



rCOHo 
CH, 
CBr, 
COHo 



+ H, = 



+ H« = 



COHo 
CH, 
CH, 
COHo 

Saocinio 
acicL 

rcoHo 

CH, ' 
CH, 
I COHo 

Snooinio 
acid. 



+ 2HBr : 



Hjdrobromio 
acid. 



+ 2HBr. 



Hydrobromio 
acid. 



Inasmuch as formul® Nos. 1 and 2 belong to fumaric and 
maleic acids, it follows that one of the two remaining consti- 
tutional formules must be that of isomaleic acid. It is impos- 
sible at present to determine which of these formulae is to be 
assigned to this^ acid ; but in any case'^ there can scarcely be a 
doubt that isomaleic add, when treated with nascent hydrogen, 
will yield isosuccinic acid, as shown above. 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
viz. itaconic acid, citraconic acid, and mesaconic acid. There 
are no less than p[o¥ca possible formulae for this five-carbon 
group of acids ; but the three individual formulsB belonging to 
the three known acids cannot at present be determined. The 
following four formulae will serve as specimens of the whole, 
and as illustrations of the cause of isomerism in these acids : — 



i^t^M}jL*\ 



No. I. 
H 


Ifo.2. 
H 


H 




So. 4. 
H 


i 


<J 


i 




i 


Lo 


Lo 


U 




<i=o 

H— C-H 


H— C^ 


H— C-H 


H 


hJJ 


H— C— H 
H— i-H 


i. 


^ c! 


H— C-H 


H-C-H 


i ■ 


C=0 


oJ 


0=J 


0=1 




i 


i 


i 


i 




A 


i 


1 
H 


1 
H 






iCOHo 


rooHo 


r ooHo 




fOOHo 


lOH 


"0 


OH. 




OH, 


,0H . 

OH, 
loOHo 


■I OH, 


J~o 




OMe" ■ 


1 o5 


1 OH^ 




OOHo 


^OOHo 


[ Ooilo 







Itaconic, citrooonic, and meBaconic acids stand in the same 
relation to pjrotartaric ncid aa iumaric and maleie acids occupy 
irith regard to eucoinio acid ; for, when submitted to the action 
of nascent hydrogen, they all yield the aaxhb pyrotartario acid ; 
and it is therefore highly probable that the first three of the 
above forrnvhe belong to then adds. The fbimnla of pyro- 
tartario acid is 
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H 

A 



r 



< 



COHo 

OH, 
CH, 
COHo 



C=0 

H— C— H 



2.— — Cr7~H 

H— C— H 

u 

A 



H 



Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascent hydrogen 
into the same pyrotartaric acid. 

By the action of hypochlorous add on itaconic acid and 
subsequent replacement of the chlorine by hydroxyl, itatartaric 
acid is formed : — 



cCOHo 

CH, 
COHo 

Itaoonio add. 



( 



\ 



rcoHo 

CHHo 
CHCl 
CH, 
COHo 



rcoHo 

CHHo 
< CHHo 
)CH, 
I^COHo 

Itatartario aoid. 



Itatartaric acid, by distillation at 125®, gives carbonic an- 
hydride, water, and pyroitauvic acid, which appears to belong 
both to the lactic And the iK^rylic series of acids. 



rCOHo 

CHHo 

< CHHo 

I.CH. 
LcOHo 

Itatartaric acid. 



CO, + OH, + 



/.rCHHo 
,^OH 

^oobo 

r 

FyroitsuTio aoid. 
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CHAPTER XXIII. 

THE AOIDS. 

8. MALIC OB LAGTOID SUSIES. 



General formula { g:i:(6?^i^^^^^^ or 



fCOHo 
C„Hft,-iHo, 
COHo 



Only two acids belonging to this series are known, viz. 
tartronic acid and malic acid. Like lactic acid, they both con- 
tain a semimolecule of non-oxatylic hydroxyl : — 

H 



060 



Tartronic acid. 



fCOHo II I II 
CHHo. C— C — C 
COHo I I I 
OHO 

I I 

H H 

TMs acid may be regarded as the product of the oxidation of 
glycerin, although it has not yet been bo produced. It is ob- 
tained by the gentle oxidation of tartaric acid (p. 176). 

H 





fCOHo II I II 

Malic acid -( CMeHo. C C C 

COHo I I I 

6 H— C— H O 

A A i 



Malic acid may be viewed as the product of the oxidation 

fCH,Ho 
of the hitherto undiscovered butyl glycerin, \ CMeHo. 

i CH,Ho 

This acid is contained in apples, and in many other fruits. 



TARTARIC ACID. 
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When gently heated with potassic hydrate, hydrogen is 
evolved, potassic oxalate and acetate being produced :— 

|omSo + KHo = {ggg + {%^^^ + H.. 



Poiaafido 

malate. 



PotaflauJ 
hydrate. 



Fotaaaio 
oxalate. 



Potasflio 
acetate. 



Tartaric acid 



4. TAETABIG OB atTOXTLOID SERIES. 

This series contains at present only two members ; but these 
have numerous isomers, which have been studied, however, 
only in the case of the first. Like the glyoxylic series, these 
acids contain two semimolecules of non-oxatylic hydroxyl. 

fOOHo 
CHHo 
CHHo- 
COHo 

XOHo 

Horaotartaric or glyco- J f^TTXT^ 

"«»li°a«d ICHHo 

l^COHo 

I 

There ftre four possible constitutional formulas for tartaric 
acid, viz. : — 



A. 
COHo 
CHHo 
CHHo- 
COHo 



B. 



fCOHo 
JCH, 
I CHo, • 
[COHo 



f CH,Ho 
CHo(COHo). 
COHo 



r CHHo, 
CH(COHo). 
COHo 



The known varieties of tartaric acid are also limited to four, 
viz. : — 

1. Deitrotartaric or common tartaric acid, so called from its 
property of causing the plane of polarization of a ray of light 
to rotate to the right. 



174 



THE ACIDS, 



2. LsdTotartario add, which tnnui the phme of polarization 
to the left. 

3. Inactive tartaric acid, which does not afifect the plane of 
polarization. 

4. Metatartarid acid. 

It has been already shown (p. 164) that dextrotartaric acid 
yields succinic acid under the influence of hydriodic acid, 
whilst it has also been ascertained that inactive tartaric acid 
likewise produces succinic acid under the same circumstances. 
These reactions indicate A. and B. to be the formula of the 
deztro- and inactive tartaric acids. The formulsB C. and D. 
possibly belong to Iffivo- and metatartaric acids, in which case 
these acids, when treated with hydriodic acid, ought to yield 
isosuccinic acid. Thus — 

r CH,Ho 
CHo(COHo) + 4HI = 20H, + 21, 



COHo 



rcH3 

+ \ CH(COHo) or 
[COHo 

laosaodnio aoid. 



COHo 

CMeH. 

COHo 



JRacemio acid is a compound of dextro- and Isevotartaric 
acid. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartaric acid cannot be resolved into dettro- and 
IsBVo-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
moBUCcinate : — 



r CO Ago 

CHBr 

CHBr 
t COAgo 

Argentio dibromo- 
Bttocinate. 



+ 



20H, b: 



WttMk 



rCOHo 

I CHHo , „ . T, 



CHHo 
COHo 

Inaotiye tartario 
add. 



Argentic 
bromide. 



The converse of this reaction is the transformation of tar- 
taric acid into succinic acid by means of hydriodic acid (see 
p. 164.). 
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Metatartaric acid is produced by fusing dextrotartaric acid. 
Beactions,-*!. Dextrotartaric acid, when treated with 
powerful oxidising agents, gives formic acid. 

2. Under the influence of ver j gentle oxidizing agents, tar- 
tronic acid is formed : — 

fc&Ho fCOHo 

Tartaric Tartronio Carbonio Water. 

aoid. add. aahydride. 

3. Heated with fused potassic hydrate, tartaric acid gives 
potassic oxalate and acetate, but without evolution of hy- 
drogen: — 

fCOHo 

I CHHo . oi^^^ _ f OOKo . f CH, . oOtT 
CHHp + ^^^° - 1 COKo + t COKo + ^^^' 



V 



OOHo 

Tartaric Potassic Potassic Potassic Water, 

add. hydrate. oxalate. acetate. 



OTSHS SJBSXES Oi' DIBA8I0 ACIDS. 

There is eridence of the existence of other series of dibasio 
acids, which may be regarded as derivatires of benzole or as the 
hexacarbon representatives of the succinic, fiimaric, and tar- 
taric series. The following are examples : — 

OH HO 



11 i I 

H— 0— C— C c— C— 0— H 

C,H,.(COHo),. H— C— H H— C— H 

H— C C— H 

i i 

Hexahydrophthalio add (HezMarbon-nmiaio series). 
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H H 



H— 0— C— C i_i_0— H 

C.H,Ho,(COHo),. I I 

H— C— H H— C— H 

H— C ' — C— H 

I I 

H H 

TartrOplithalio acid (Hexflcorbon-tartario series). 



o 

H— O— O-C C— C-0— H 

C.H.(COHo),. H-0— H H— C— H 

H— C — C— H 

Teteihydrophtludio aoid (Hexaoarbon-fomario leriee). 

The existence of another series of dibasic acids derived from 
hydrocarbons of a C„Il2„_i8 series is indicated by the formation 
of anthraquinonic acid, which is identical with alizarin, the chief 
colouring-matter of the madder root. By oxidation, anthracene 
(Ci^Hjo) yields anthraquinone (C^JSifi^), which, when heated 
strongly with sulphuric acid, is converted into disulphanthra- 
quinonic add, which has probably the following constitution : — 

r CO(S»vo^Ho) 

. CO(S»vO,Ho) 

When disulphanthraquinonic acid is heated with potassic 
hydrate to a temperature of about 180^ C, it becomes intensely 
coloured, and is found to be converted into potassic alizarate 
(potassic anthraquinonate) ; — 



I 
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CO(S'»0,Ho) 
(C„H.)" + 

00(S'^0,Ho) 

DiflQlphanthraquinonio 
add. 



60KH = ^ 



Potaanc 
hydrate. 

+ 40H;,. 

Water. 



f COKo 

(0„H.)" + 
COKo 



Fotaaaio 
alizante. 



2SOKo. 



Fota88io 
Bolphite. 



On the addition of on acid to an aqueous solution of potassic 
alizarate, alizaric acid (CiaHg(COB[o)2), identical ia properties 
with the natural alizarin of madder root, is precipitated. 

Anthraflavie acid (Ci2He(COHo)J, isomeric with alizaric 
acid, but possessing no tinctorial properties, is usually simul- 
taneously formed in the aboye reactions. 



CHAPTER XXIV. 



THE ACIDS. 



TBIBASIO ACIDS. 



The tribasic acids all contain three semimolecules of oxatyl. 
They may be divided into the following three series, each series 
being, however, at present only represented by one acid. 

1. TricarbaUylic or acetoid series : — 

fCH,(COHo) 
TricarballyKc acid ..- ^ CH(COHo) . 

lOH,(COHo) 



2. Aconitic or acryloid series :— 



Aconitic acid 



JCH(COHo) 
\C(COHo) . 
{OH,(COHo) 



TOL. II. 



N 
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3. Citric or lactoid seories : — 

f CHHo(COHo) 

Citric acid -^ CH(COHo) . 

[ Ca,(COHo) 

Triearbalh/lic acid is trihydric. It is obtained from glycerin 
by replacing the hjdroxyl in the latter by cyanogen, and then 
acting upon the tricyanhydrin,80 formed, by potassic hydrate : — 

f CH,(CN"') f CHiCOKo) 

- CH{CN"') + 3EHo + sob; = -^ OH(COKo) +8NB:,. 
. OH,(CN"') I CH,(COKo) 

Triojan- FotaMio Water. Fotasaio tarioarb- Ammonia, 

hydrin. hydrate. allylate. 

Aeonitic acid (equisetic acid, citridic acid) is also triHydric. 
It is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Aeonitic acid is also pro- 
duced by the action of hydrobromic acid upon citric acid, the 
reaction taking place in the two following stages : — 

f CHHo(COHo) r CHBr(COHo) 

^ CH(COHo) + HBr = ] CH(COHo) + OH, ; 
. CH^(COHo) I CH,(COHo) 

Citric add. Bromotrioarballylic add. Water. 



CHBr(COHo) 

CH(COHo) 

CH/COHo) 

Bromotnoarballylio add. 



JCH(COHo) 
}C(COHo) 
tCH,(COHo) 

Aoonitio add. 



+ HBr. 



Heated to 160", aeonitic acid is converted into itaconic acid : — 



;COHo 
,JCH(COHo ]CH 

}0(COHo) = "ICH 
{CHiCOHo) f CH- 

tCOHo 

Aoonitio add. Itaconic 

add. 



CO,. 



Garbonio 
aiihydride. 



Oitric acid is tetrahydric, and contains, therefore, like lactic 
acid, one semimolecule of non-oxatyli(f hydroxyl. It is found 
in the free state in oranges, lemons, citrons, and many other 
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fruits, also in the potato and the onion. By the graduated 
application of heat, citric acid yields aconitic, itaconio, and 
citraconic acids. At the earlier stage of the decomposition it 
also yields acetone. Heated with fused potassic hydrate it 
gives potassic oxalate and acetate : — 



CHHo(COHo) r ^^-c^ 

CH(COHo) +4KHo= \ ^o^. + 
CH^(COHo) i ^^^^ 



g?io+30H. 



Citric aoid. Fotasaio Fotassio Fotassio Water. 

hydrate. oxalate. aoetate. 

By being heated with hydriodic acid, citric acid is trans- 
formed into tricarballylic acid : — 

r CHHo( COHo) r CH,(COHo) 

^ CH(COHo) + 2HI « J CH(COHo) + OH, + I,. 
. CH,(COHo) I OH,(COHo) 

Citric add. Tricarballylic add. Water. 

Desoxalio add is closely connected with citric acid ; it is hexa- 
hydric, and may be regarded as citric acid in which two atoms 
of non-oncatylie hydrogen have been replaced by hydroxyl. Its 
constitutional formula is probably 

r CHHo(COHo) 

^ CHo(COHo) , 

, CHHo(COHo) 

It is obtained from the product of the action of sodium upon 
oxalic ether. 



TJEJTSABASIC AND SUXABASIO ACIDS. 

FyromelUtic acid (CgH/COHoX) and melUtio acid 
(Cg(COHo)e) are instances of acids of these degrees of basicity ; 
and it can scarcely be doubted that an intermediate pentabasic 
acid will be found to exist. The following graphic formula of 
mellitic acid shows the relation of this acid to benzol, and indi- 

n2 
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cates the constitutional formulsB of the other a.cids built upon 
the same type and mentioned below : — 

Mellitio add. 

o o 

II II 

, H— 0— C— C=C— C— 0— H I 











H— 0— C~C C— C— 0— H 

II II 
H— O— C— C— C— C— 0—H 

'II II 

o o 

Fiye out of the six possible acids thus related to benzole are 
now known. Their names and formulae are ^ven in the fol- 
lowing Table : — 

Benzoic acid CgH^COHo), 

Phthalic acid. 

IsophthaHcacid J. C,H,(COHoX. 

Terephthalic acid 

Trimellitic acid. . < 

Trimesic a<5id I , C,H3(COHo)3. 



imemtic acia. . , ^ 

imesic acid V 

3mimellitic acid ... J 



Hemimellitic 

Pjromellitic acid "| 

Prehnitic acid I CeH,(COHo),. 

Mellophanic acid J 

Unknown acid C^HCCOHoV 

MeUiticacid , C,(COHoV 
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CHAPTER XXV. 

THE AJSfHYDBIDES. 

The anhydrides are compounds obtained from the acids by 
the abstraction of the hydrogen of their hydroxyl, together with 
sufficient oxygen to form water. 

• For every two atoms of hydrogen and one of oxygen thus 
abstracted from hydroxyl, there will obviously remain one atom 
of oxygen, which, as a dyad element, exactly satisfies the two 
bonds vacated by the hydroxyl : — 

2Ho = OH, + 0". 

SydxarfU Water. 

On this account, two molecules of a monohydric acid are re- 
quired to form one molecule of anhydride, thus : — 

rCMeO 
20MeOHo = -^O + OBL. 

[ OMeO 

Aoetio acid. Aoetio , Water. 

anhydride. 

The anhydrides of those monobasic and dibasic acids which 
contain one and two semimolecules of hydroxyl have alone 
been investigated. 

They may be divided into the following classes : — 



1. Anhydrides of the 



CO I CO 



monohydric mono-^ O^ and -(^ O 

basic acids 



CO CO 

V^C„Ha>4-i L^««H2»_7 

2. Anhydrides of the f C(CnH2,^i)a 
dihyiic monobasic I ^- 



3. Anhydrides of the 
dihydric dibasic ^ 
acids 



r°^ — X 

CwHa, O. 

CO 1 
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1. ANSYDBIDm OF THE MONORTJDBIC 
MONOBASIC A0ID8. 

These are known only in the acetic and benzoic series. 

They bear the same relation to the acids from which thej 
are derived as that borne by the ethers to the alcohols. 

The residues of different acids unite to form mixed anhy- 
drides anologous to the mixed ethers. Aceto-benzoic anhy- 
dride is a body of this class. 

Formation, — By the action of the chloracids, or so-called 
chlorides of the monad negative radicals, on the potassic saltei 
of the acids : — 

C (C,H3^,) OKo + C(C»Hj». OOCl = -^ O + KCl. 



Potassic salt. 



Chloraoid. 



Anhydride. 



Potassic 
chloride. 



Beaction. In contact with water they are converted into the 
corresponding acids :— 

C(C„H2«+i)0 

O + OH, = 2C(C^j„+0OHo. 

C(C„H^0O 

Anhydride. Water. Aoid. 

The following is a list of the anhydrides belonging to this 
class : — 



Acetic anhydride < O 



rCMeO 



Propionic anhydride ..♦ 



Butyric anhydride , 



Valeric anhydride 



CMeO 

rcEto 
o 

CEtO 
rCPrO 

o 

CPrO 

rcBuo 
o 

CBuO 



or " 



or 1 



fC(0H,)O 

C(CH,)0 
fC(C^,)0 

C(C,H.)0 
C(CA)0 



Fusing- Boiling 
point ' point. 

138°. 



or 



\C 



or < 



C(0,H,)0 
C(C,H,)0 

C(CA)0 



165°. 



abont 190°. 



about 215°. 



t^ 



,-^a 



IfV 
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Caproic anhydride. 



fCAyO 
• O 

ICAyO 

CCpO 
GSnanibylio anhydride. •{ O or •{ 

CCpO 

f C(CeH,)0 
C(OeH,)0 



fC( 
•ideJ O 



fC(O.H„)0 
or i O 

C(0,H„)0 

C(C.H„)0 
I C(C.H„)0 



Fusing- 
point. 



42< 



Benzoic anhydiide. 



Aoetobenzoio anhydride 



Caprylic anhydride ... 



Felargonic anhydride. . 



Pahnitio anhydride ... 



CMeO 

C(0,H,)0"' 
C(C^..)0 

C{0,H„)0" 
O(0,H„)O 

C(0,H„)0 ' 
0(0„H300 

C(C„H30O" 



Boiling- 
point. 



310^ 



120°. 



below 0®. about 290®. 



+5°. 



53-°8. 



2. ANRTBBIBES OF TRIE BIRTDBIC 
MONOBASIC AOmS, 

Formation. — ^By applying heat to a dihydric monobasic acid, 
thus : — 

\COHo = too ^ + ^^»- 

Lactio add. Lacjide. Water. 

(Laotio anhydride.) 



Beaction. — ^Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were derived : — 



Laotide. Water. 



f CMeHHo 
t COHo. 

Laotioaoid. 
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3. ANRTDBIDIIS OF THE DISTDBIG 
BJOBASIO ACIDS. 

Mrmation. — ^By the action of heat, or of Bubstances having 
a strong affinity for water, upon the dihydric dibasic acids :— 



fCOHo 

CA = 
OOHo 



fCO , 

C,H. + OH,. 
CO • 



Snocimo Suocinio Water, 

add. anhydride. 

JBeaetion, — Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were deriyed. 



CHAPTER XXVI. 

THE ESTOKES. 

The ketones are derived from the fatty acids by the substitu- 
tion of the hydroxyl of the latter by a monad positive radical ; 
they thus resemble the aldehydes in constitution :— ^ 

f CH, f OH, f OH, 

t OOHo- t COH- t OOMe- 

Aoetio Acetic Acetone, 

acid. aldehyde. 

The ketones may also be correctly described as compounds 
of carbonic oxide with monad positive radicals, thus : — 

COMe,. 

Acetone. 

By the action of nascent hj^drogen upon the ketones, they 
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are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield normal ^cohols : — 

tCOMe + ^ - \OMeHHo- 

Aoetonet Isopropylio 

Ketones, unlike aldehydes, do not oxidize spontaneously; 
neither do they reduce ammoniacal solution of argentic oxide. 

Like aldehydes, many of them combine with hydric potassic 
or hydric sodic sulphite. 

Formation,—!, By the action of the zinc compounds of the 
positive monad radicals upon chloracids : — 

Chloraoid. Zinc compoimd. iKetone. Zindo 

chloride. 

2. By the action of sodic ethide and its homologues on car- 
bonic oxide : — 

CO + 2Na(C^3^0 = { §fe^,) + Na^ 

Carbonic So^qm oomponncU Ketone, 

oxide, 

3. By the distillation of the salts of the fatty acids : — 

Potassic salt Ketone. Fotassio 

of fatty add. carbonate. 

4. By distilling together salts of two different fatty acids, ke- 
tones containing' two different positive radicals are obtained : — 

fCEtH, , rCH, _ fCEtH, , COK^ 
iCOKo + \COKo == tcOMe + ^^^^«- 

Fotassio Potassic Propyhnethyl Potaesio 

bntyrate. acetate. Ketone. carbonate. 

6. Numerous ketones may also be produced by the following 
series of reactions. 

By the action of sodium upon ethylic acetate hydrogen 
becomes replaced by sodium : — • 

fCH, . ^„ » rCHNa, . ^ 

tCOEto + J>'a'2 - jCOEto + ^' 

Ethjlic acetate. Ethylic disodacetate. 
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The ethylic disodacetate is acted upon by excem of ethylic 
acetate as follows : — 



J CHNa^ 
\ COEto 

EthjUo 
diaodacetate. 



+ COMeEto s= 



rOOMe 

^CHNa 
[ COEto 

£thjlio sodaoetO" 
Metete. 



+ NaEto. 



Sodio 



When ethylic iodide is added to ethylic sodaceto-acetate the 
following reaction occurs : — 

r COMe f COMe 

\ CHNa + EtI ^ A CHEt + Nal. 

[ COEto I COEto 



Etiiylic Bodaceio- Etiiylio 

acetate. iodide. 



Bthylio ethaoeto- 
aoetate. 



Lastly, ebullition of ethylic ethaceto-acetate with potassic 
hydrate converts it into ethylated acetone, alcohol, and potassic 
carbonate : — 



rCOMe 

J CHEt 4- 2KHo 

[ COEto 

Fotaasio 
hydrate. 



Eihjlio ethaceto- 
acetate. 



fCOMe 
tCH^Efc 

Bthylated 
acetone. 



-h EtHo + COKo,. 



Alodu^ 



oaxbonate. 



Ethylated acetone is obviously acetone in which one atom of 
hydrogen has been replaced by ethyl. 

A second atom of hydrogen in acetone may be replaced in the 
following analogous series of reactions : — 



^(ga*. + »''^ - 'i^'"' 



Ethylid aoetate. 



fCNa3 
\ COEto 

Ethylic 
triBodacetate. 



rCOMe 
^CNa, 
[ COEto 

Ethylic disodaceto- 
aoetate. 



+ COMeEto 



EthyUo 
aoetate. 



COEto + 

Ethylic triaodaoetafco«. 

fCOMe 

= ^CNa, + 

[ COEto 

Ethylic diaodaoeto- 
acetate. 



SB,. 



NaEto. 



Bodio 
elihylate. 



+ 2EtI =s 



Ethylic 
iodide. 



rCOMe 
.^OEt, 
[ COEto 

Ethylic diethaoeto- 
acetate. 



+ 2N8L 
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f COMe r omwo 

] CEt, + 2KHo = \ Z^r^ + EtHo + OOKo,; 

[cOEto lCEt,H 

Bthylic diethaoeto- Fotaasio Diethjlated Alcohol. Foteano 

acetate. hydrate. aoetone. carbonate. 

6. By the action of zincic ethide on tlie dilorides obtained 
from the dibasic acids, ketones containing dyad radicals are 
produced ; thus : — 

Succinylic chloride submitted to the action of zincic ethide 
gives ethylene diethylic ketone : — 



r CO CI 

i (C,H,)" + ZnEt, ^ 

[ COCl 



f COEt 

(C,IL)" + ZnCl,. 
COEt 

Snocinjlic Zinda Ethylene diethylio Zinoio 

chloride. ethide ketone. chloride. 

The following is a list of the names, constitutional formulsB, 
and boiling-points of those ketones which are best known : — 

Boiling- 
point. 

{CH 
coke ^^'*" 

Methylated acetone. 

(Mh2/lacetyl,meJ^^^^ 81°, 

thyl acetone,) 






o 

m 
M 



Dimethylated ace- . ^.^ —. 

tone. (-2^%^ «^^- { COM? ^^°'^ 

tone^ 

Ethylated acetone ...jcOMe ^^^""^ 

Propione. {Mhyl f OMeH, • q^ 

propionyL) \COEt 

I JMethylvaleral {g^^ 120^. 

1 JBthylbutyral {g^^ 128». 

2 jDietliylatedacetone {qo^ ^^^• 

.Butyrone {ggg» 144». 



i 



188 



ETHEREAL SALTS. 



Little is known of the ketones of the C^^Hsn.; series. The 
following have been obtained : — 

Benzophenone ( \ n(vc H w' *^® ketone of benzoic acid, is 

obtained by heating potassic benzoate. 

Methyl benzole or methyl benzoyl f \ rj^p tt \ ) is prepared 

hj distilling together calcic acetate and benzoate. 

Phthaljlic chloride, treated with zincic ethide, produces 
phenylene diethylic ketone : — 



f OOCl 
COCl 

FhthalTlio 
chloride. 



+ ZnEt, « 



Ztnoio 
etbide. 



f COEt 

(C,HJ' + ZnCl,. 
COEt 

Fhenjlene di- ' Zincio 

ethylio ketone. chloride. 



CHAPTER XXVII. 

ETHEBBAL SALTS. 

These compounds correspond to the metallic oxysalts of the 
acids. 

The acids from which they are derived may be either mineral 
or organic ; but the base must always be organic. The haloid 
ethereal salts are excluded from this family ; they haye been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 



\OOHo 

Acetic add. 

/CH, 
tOOHo 

Acetic add. 



+ KHo = 

Fotasno 
hydrate. 

+ EtHo = 

Ethylio 
hydrate. 



tCOKo 



+ 



Fotaaaio 
acetate. 



\ COEto 



Ethylio 
acetate. 



OH,. 

Water. 



OH,. 

Water. 



But as the hydrates of the organic radicals do not act upon 
acids so energetically as potassic hydrate, it is often adyisable 
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to employ the acid in the form of a potaseic salt, and the radi- 
cal as a Bulphoacid ; thus, with acids of the acetic series : — 

SO,Ho(C^.+.0) + {%f^^ - { g-^k^^o)+ SO,HoKo. 

Snlphoacid* Potasaio Ethereal salt. Hydrio potastio 

salt. snlpnato. 

Monobasic acids form only one ethereal salt with each mono- 
hydric alcohol ; and this salt is always normal. 

With dihydric alcohols they each form two ethereal salts, 
and with trihydric alcohols three ethereal salts. These are 
also normal. Thus with acetic acid we have : — 

Acetic salt of a monohydric alcohol : — 

/OH, 
\ COEto* 

Etfaylio aoetat«. 

Acetic salts of a dihydric alcohol : — 

CBLHo f OH,-0-OMeO 

OH,-0-CMeO- \ CH^-O-CMeO- 

Monacetio glycol. Piacetio glycol. 

Acetic salts of a trihydric alcohol : — 



{ 



CH,.0-CMeO f OH,-0-CMeO 
CHHo , i CH -O-CMeO. 



OHj-O-CMeO [ CH,.0-OMeO 



fCH,Ho 

-^CHHo 

[ CH,-0-CMeO 

Monaoetizu Diaoetin. Triacetin. 

Dibasic acids form, with monohydric alcohols, two series of 
ethereal salts : — , 

1. Acid ethereal salts, as :— 

f COEto 

Succinethylic acid < ^2^4 . 

[COHo 

2. Normal ethereal salts, as : — 

r COEto 

Ethylic succinate " CjIL . 

COEto 

In the same manner, tribasic acids form with monohydric 
alcohols three series of ethereal salts, the first two of which are 
acid, and the third normal. 
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Prolonged contact with water generally decomposes ethereal 
salts, liberating the radicals of the bases in the form of alco- 
hols : — 

SO.MeOa + 20Hj = SOJEIo, + 2MeHo. 

Methylio Water. Solphurio Methjlio 

, solphomethjlate. aoid. alcohol. 

Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily: — 



{ootto + ^o = (ggfc^ + 



EtHo. 



Ethjlio Fotassio Potaasio Ethvlio I 

acetate. hydrate. acetate. aloohol. 



CHAPTER XXVIII. 

OBGANIO OOMPOUimS CONTAININO TBIAD AND PENTAD NITEOGEN 

OB THElE ANALOGUES. 

This numerous family may be divided into two great classes : — 

1. Compounds of triad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

I. COMFOUJWS OF TBIAD mTBOGEN AND OF 

ITS ANAL0GTTE8. 

This class may be again subdivided as follows : — 

FositiTe. NeutaraL Negatiye. 

1. Amines. 1. Amides. 1. Imides and 

2. Phosphines. 2. Alkalamides. nitrides of 

3. Arsines. 3. Trichlorinated and negative 

tribrominated amines. radicals. 

4. Stibines. 4. Haloid compounds 
6. Bismuthines« of oxybases. 

6. Oxybases. 

Of these the Amines and Amides are the most important. 
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Positive Section. 

1. TRB AMINES. 

The Amines are commonly termed organic bases or artificial 
alkaloids ; they are divided into — 

A. Monamines. 

B. Diamines. 

C. Triamines. 

D. Tetramines. 

The tetramines have been but little investigated. 



A. MONAMINUS. 

There are three kinds of monamines : — 

a. Primary monamines. 
p. Secondary monamines. 
y. Tertiary monamines. 



a. Frima/ry Monamines, 

General formulae. 

Methyl or C«Ha^.i series N(C„H2^i)H2. 

Vinyl or CnHa^-i series N(C„H2n-i)H2- 

Phenyl or CJS^^^ series N(CJ3.2n-T)^2' 

JBbrmaiian, — 1. By the reduction of the nitro-substitution 
compounds of the hydrides of the positive radicals by sulphu- 
retted hydrogen, ammonic sulphide, zinc and sulphuric acid, or 
iron and acetic acid : — 

N(CA)0, + 3SH, = N(CeH,)H, + 20H, + S3. 

Nifarobensol. Solphorettod Aailixke. Water. 

hydrogen. 

2. By treating cyanic ethers with boiling solution of potassic 
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hydrate. The reaction is perfectly analogous to the decom- 
position of cyanic acid with potassic hydrate : — 

CN"Ho + 2KHo = OOKo, + NH,. 

Oyanioaoid, Potaado Fotassio Ammonia. 

hjdrate. carbonate. 

ON'"Eto + 2KHo = OOKo, + NEtH^. 

Ethylio Potassio Potaasio Efehylamine. i 

ojanate. hydrate. carbonate. i 

3. By the action of the haloid compounds of the monad 
positive radicals upon ammonia, and subsequent action of 
potassic hydrate upon the product so formed : — 

NH3 + EtI == NEtH,!. 

Ammonia. Etbjlio Ethylammonio 

iodide. iodide. 

NEfcH,! + KHo = NEtH, + KI + OH,. 

Ethylammonio Potassio Ethylamine. Potaasio Water, 

iodide. hydrate. iodide. 

The following are a few of the primary monamines : — 

Methylamine NMeH, or N(CH,)H,. 

Ethylamine NEtH, orN(CA)Ha- 

Bulylamine NBuH, orN(C,H,)H,. 

Amylamme NAyH^ or N(CaHu)H2. 

Allylamine NAJIB!, or N(C3H,)H,. 

Phenylamine {Aniline) NPhH, or N(C,H,)H,. 
Tolylamine (Toluidme) NToH, or N(CeH^Me)H,. 

jReactions. — Treated with nitrous acid, they evolye nitrogen 
and yield the corresponding alcohols : — 

NPhH, + NOHo = PhHo + 1^, + OH,. 

Phenylamine. Kitroasadd. Fhenylio Water. 

alcohol. 

/3. Secondary Monamines. 

General formulie. 

Methyl or CAn+i series N(C„Ha^.iXH. 

Vinyl or C„Ha„_i series N(CJL2^^i\1Bl. 

Phenyl or C;,Ha,.7 series N(C„H2«.7)aH. 
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The secondary monamines are derived from ammonia by the 
replacement of two atoms of hydrogen by monad positive 
radicals. They are sometimes called Imidogen bases. 

JS'ormation, — ^By the action of the haloid compounds of the 
inonad positive radicals on the primary monamines, and subse- 
quent treatment with potassic hydrate : — 

NEtH, + EtI = NEt^HJ. 

. Ethylaxnine. Sth^lio Diethjlammonio 

iodide. . iodide. 

NEt,H,I + ZHo = NEt^H + KI + OH,. 

Biefchylammonio Potassio Diethylamine. Fotassio Water, 

iodide. hydrate. iodide. 

By using the iodide of a radical different from that already 
contained in the primary monamine, secondary monamines 
may be formed containing two different radicals, thus : — 

NPhH, + EtI = NEtPhHJ. 

Phenj^lamine. Eth^lio Ethjlphenj^lammonio 

(Aniline.) iodide. iodide. 

lUrEtPh:^! + KHo = NEtPhH + KI + OH,, 

Ethjl^henvlam- Fotassio Ethylphen;p-lamine. Fotassio Water 

moniciooide. hydrate. (Ethylaniline.) iodide. 

The following secondary monamines are known : — 

Dimethylamine NMe,H or N(CHJ,Br. 

Diethylamine NEt.,H or N(C,H„),H. 

Methylethylamine NMeEtH or NCCH,) (C,H,)H. 

Dibiitylamine NBu^H or N(cX)aH. 

Ethylamylamine NEt AyH or N(C,H3)(C,H^ JH. 

Ethylphenylamine NEtPhH or N(C,HJ CCeH,)H. 

Piperidine N(C.HJ"H:. 

Conine NCC^HJ^H. 

y. Tertiari/ Monamines. 

Mrmation. — 1. By acting upon the secondary monamines 
with the iodides of the monad positive radicals, and subse- 
quently treating the product with potassic hydrate : — 

NEt,H + EtI » NEtgHI. 

Diethylamine* Ethylio Triet^ylamxnonio 

iodide. iodide. 

veil. II, o 
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NEtgHI + KHo = NEtj + KI + OH,. 

Triethylammonio Fotassio Triethylamme. Fotassio Wattf^ 

iodide. hjdratie. iodide. 

By varying the radicals, tertiary monamines with several 
different radicals may be formed. The following are a few of the 
known tertiary monamines ;— 

Trimethylamine "NMe^ or N(CH3)8. 

Triethylamine . . . . : NEtg or NCC^H^V 

Tributylamine NBu, or NCC^H,),. 

Triamylamine NAyg or N(C5Hii)3. 

Methyl^-ethyl-phenylamine NMeEtPh or NCCngXC^HsXCgH,). 

Pyridine NCC^HJ". 

Picoline N(C,H,)"'. 

Lutidine N(C,HJ". 

CoUidine N(C«H,X. 

Parvoline NiC.B.J". 

The constitution of the triad radicals contained in the last 
five bases is not known. 

2. When phenylammoiiic chloride (ajiiline hydrochlorate) and 
methylic alcohol are digested together at from 280° to 300°, 
the non-phenylic hydrogen becomes replaced by methyl, 
thus:— 

NPhHgCl + MeHo = NPhMeBC^Cl -f OH,. 

Fhenylammonio Methjlio Methylphenylaamnonio 

chloride. alcohoL chloride. 



NPhMeHjCl + MeHo - NPiMe.HCl + OH,. 

Methylphenylammonio Methylio Dimethylphenylammonio 

chloride. aloohoL chloride. 



By continuing the digestion longer, the phenylic hydrogen is 
also replaced by methyl accordiug to the following reaction :-«- 

+ OH,. 

x/ijuuLovuyjpxienyiaiujnoziiD jueiDyiio x»uneuiyitoiyiair^ *' 

chloride. alcohol. chloride. 



also replaced by methyl accordiug to the following rea 
N(C«H3)Me,HCl + MeHo « N(C,H,Me)Me,HCl 

Dimethylphenylaimnoiiio Kethylio Dimethyltol^lammoiiic 

nnlrkin/lA o1/>/\Vt/\1 nVklrttnifa 
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By these reactions the following tertiary monamines have 
been produced ; — 

Dimethylaniline N(CaHa)Me2. 

Dimethyltoluidine N(CeH,Me)Me,. 

DimethylxyHdine N(CeH3Me,)Me,. 

Dimethylcumidine N(CgIl2Me8)Mea, 

Dimethylcymidine N(CeIIMeJMea. 

'the final product which may be expected to result &om this 
reaction, N(0gMe5)B!re2, has not yet been obtained. 

Tertiary monamines, when acted upon by the iodides of 
monad positive radicals, yield iodides which are not decomposed 
by potassic hydrate. In this manner tertiary monamines may 
be distinguished from primary and secondary monamines. The 
three may be distinguished from each other by the alternate 
action of ethylic iodide and potassic hydrate : thus, as we have 
just seen, tertiary monamines are recognized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate; a secondary monamine, however, produces an iodide 
decomposable by potassic hydrate ; but the base thus liberated 
is tertiary, and will therefore be transformed immediately into 
the stable iodide by a second application of ethylic iodide. A 
primary monamine requires three applications of ethylic iodide 
and potassic hydrate to produce the same result. 



B. DIAMHTES, 

Formation. — The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
mary or secondary monamine, by a dyad radical, which at the 
same time takes the place of two atoms of hydrogen ; thus ; — 



Et" , 



2 




N fNEt" 

Et" or -^Et" , 
N iNEt" 



Primary SeooBdory Tertiary diamine, 

diamine. diamine. 



o2 
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This reaction is effected by treating^ ammonia or a primary 
or secondary monamine with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus :— 

fNH,Bif 
2NjaL + Et"Br, = ^ Et" . 

lNH,Br 

Ammonia. fithylenio Ethylene-diammonid 

dibromide* dibromide. 

When the salts of ethylene diammonium are decomposed by 
potassic hydrate, an oxide of the compound nitrogenous radical 
is produced, thus : — 

fNH3Br fNH,-, 

^Et" + 2KHo « ^Et" O + OBI + 2KBr. 

lNH3Br iNH3-« 

Eihjlene-diam'' Potasaio Ethjlene-diam-* Water* Potaasio 

momc dibromide. hjdrate. monio oxide. bromide. 

In this respect most of the diamines differ from the monamines. 

Urea and its derivatives belong to the class of diamines. 

These compounds are produced by boiling a solution of 
ammonic cyanate or ethylammonic cyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
are held together by the dyad radical carbonyl, CO : — 



CO . 

Ammonio oyanate. Urea. 



CN"'(NrH,0) 



fNHEt 
C]Sr"'(N''EtH,0) = -^oo . 

Ethyl-ammonio Ethyl urea* 

cyanate. 

By beating ammonic carbonate to 130^-140° in closed vessels 
for a few hours, urea is produced : — 

fNH, 
CO(NH 0), «= -^ CO + 20H,. 

Ammonic oarbonate> Urea. Water. 



^^^^'^^^^n^^'^^H^mm^m^fmmmmmfmm^mmmmmmf^mHmmmmm 
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Ureas in which ethyl and other monad positive radicals are 
substituted for hydrogen may also be obtained by the action of 
ammonia or a monamine on the cyanic ethers, thus : — • 



ON'"Eto 


+ 


NH, =. 


rWTTEt 
CO . 


EtbyHc 
oyaiiate* 




Ammoiua. Ethyl urea. 


CN'"Eto 


+ 


fNHEt 

NHjEt = ^ CO , 

[NHEt 


Ethylio 
cyanate. 




Ethylamine. 


Diethyl urea. 



Beaction. — ^Urea is decomposed by nitrous anhydride : — 

fWH, 

-^CO + N,0, « CO, + 2N, + 20H,. 

Urea. Nitrons Carbonic Water, 

anhydride* anhydride. 

The following is a list of the best-known diamines : — 

fNH, 
Ethylene diamine -{ Et" . 

f NHEt 

Ethylene diethyl diamine \ Et" 

[NHEt 

fNH, 

Trea i CO . 

INH, 

fNH, 

Sulphur urea \ CS" . 

INH, 

fNHEt 
CO 
NH 



Ethyl urea 



Sulphophenylurea. 



2 

fNHPh 

CS" , 
NH„ 



198 COMPOUNDS OF NITROGEN AND ITS ANALOGUES. 

C. TEIAMINES. 

To this class of organic bases belong many of the aniline 
colours and their derivativeSk Mauveim was the first discoyered 
of these bodies ; it is obtained by the action of concentrated 
sulphuric acid and red potassic chromate upon aniline. It is 
also produced by heating the coloured product obtained by the 
action of a solution of bleaching powder upon aniline. The 
molecular formula of mauveine is 

It is probably a tetramine with the constitution shown in 
the following formula : — 

N,(C,H,)",(C,H,)",H,. 

Itosaniline is obtained from a mixture of aniline and tolui- 
dine by the action of various reagents, such as carbonic chloride, 
stannic chloride, mercuric chloride, ferric chloride, cupric chlo- 
ride, the sulphuric and nitric salts of tin and mercury, and, 
lastly, arsenic acid which has superseded all other reagents for 
the technical preparation of the salts of this base. 

By the replacement of hydrogen in rosaniline by positive 
radicals, other bases, forming with acids valuable colouring- 
matters, are produced. 

The following is a list of the best-known of these bases :— 

Sosaniline, the base of ma- 1 m* ^/^ tt \n/r\ -n- \" tt 
genta J ^aV^e^J m^ie) a-^,- 

^ Phenyl rosaniline, the base 1 ivr /p tt \"/r tt \" jxwu 
of dahline J J^st^-^iJ iyi^z) a^^^r 

Diphenyl rosaniline, the base 1 ,» /p. tt \' vn tt \" xfu rr 
of aniline violet ] ^al^^J (^He) ,Ph,H. 

Triphenyl rosaniline, thebase 1 nr /n tt \"/n tt \n tm. 
of aniline blue / ^aC^^eli*) (^^e) al'hs. 

Tritolyl rosaniline, the base 1 ^^ /p tt \"(r tt \" /n tt \ 
of toluidine blue J ^at'-'e^*; \yt^) aC^l^T^s- 



A 
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Triethyl rosaniline, the base \ -rt //>• tt vrn xr \^ t?*- 
of Hofmann's violet .....J "at^e^J (^^ie) a^V 

Chrysaniliiie, Niclidson*s 1 xr ri tt 
yeUow jJ^sSo^ir 

Leukaniline ^fi^^B:^^, 

Sosaniline appears to be formed by tbe abstraction of three 
molecules of hydrogen from one molecule of aniline and two 
molecules of toluidine, thus : — 

Aniline. Toluidine. Bosaniline. 

The phenyl derivatives of rosaniline are produced as salts of 
tydrochloric acid by heating rosaniline hydrochlorate with 
various proportions of aniline, thus :— 

•-(N,)«'(C.HJ'(C,H.)",H,C1 + NPhH, = 

Bosaniline hydrochlorate. Aniline. 

"(N.)-'(C.HJ"(C,H.)",PhH3Cl + NH,. 

Phenjl-rosaniline hydrochlorate. Ammonia. 

"(N,)«(C.HJ'(C^,)",H,C1 + 2NPhH, = 

Bosaniline hydrochlorate. Aniline. 

"(N,)''(C,H,)"(C^e)",I'l'ACl + 2NH3. 

Diphenyl-rosaniline hydrochlorate. Ammonia. 

"'(N,)-'(C.H,)"(C,H.)"^,C1 + SNPhH, = 

Bosaniline hydrochlorate. Aniline. 

"(N,)"(C,H,)"(C,H,)",Ph3HCl + 3NH3. 

Triphenyl-rosaniline hydrochlorate. Ammonia. 

» ... • > 1 ■ 

The salts of tritolyl rosaniline are formed by analogous 
reactions. 

Triethyl rosaniline is obtained by heating to 100^, in a 
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close yessel, rosaniline with ethjlic iodide dissolved in al- 
cohol :— 

N.(C.H,)"(C^O"A + Sm « N,(C.H,)"(CA)",Et. 

Bosaniline. Eth^lio Triethjl roflaoiline. 

iodide. 

+ 3HI. 

Hjdriodio 
aoid. 

Trimethyl and triamyl rosaniline are obtained by analogous 
processes. 

Chrysaniline is formed as a secondaiy product in the manu- 
facture of rosaniline. 

Leukaniline is produced by the action of zinc upon an acid 
solution of rosaniline : — 

^3^20^19 + Hj = NgCaoHai. 

Boofiniline. LeqkwiiUne, 



OTREB AMINES. 

Sabjoined are the names and formuls of a number of organic 
bases which cannot at present be satisfactorily classified : — 

Guanine .'.. CjH.N.O. 

Guanidine C(NB:)"(NH,)(NHJ 

or 0(NH)"Ad,. 

H H 

N—C— N 

I I! I 
H N H 

i 

Furfurine C^Hi^N^O,. 

Amarine CjiHigN^. 

Thialdine 0,11,3^8,. 

Dibutyraldine CgH^NO. 

Acridine Cj^Hj^Nj. 



THE NATURAI. AI.KAI.0ID8, 20], 

Me— C= N— N= C— Me 
Cywunethine ... 'XN,)'»(CMe)"', .., ill 

c 



Me 



Et— C=N— N^C— Et 

• V 

Cyanethine "(N.^'CCEt)'", .., Ill 

I 

Et 



TSE NATURAL ALKALOIDS, 

Of the constitution of these organic bases very little ia 
known. The following is a list of the chief of them, with thQ 
sources whence they are derived : — 

Alkaloids from Opitim, 

Hydrocotamine CijH^NOg. 

Morphine...., C^H^gNOa. 

Codeine...., C,,I[^J^O„ OH,, 

Thebaine , Ci^Ha^NOj. 

Protopine .^. CaoHigNOg. 

Papaverine CjoHj^NO^. 

Cryptopine CaiHagNOg. 

Laudanosine , CaiHa^NO^. 

Narcotine C^^H^gNO,. 

Narceine ,.., Cj^Hj^NOg. 

From Omchona Barh 



Quinine , C^^^fi^ 

Cinchonine CaoHj^NjO. 

Aricine C^^^fi^ 
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From Ntghtahade, 
Atropine C^HjjNOa. 

• • • It* 

From Tobacco, 
Nicotine CjoHj^Nj. 

F^om Nux vomica. 

Strychnine CjiH^aNjOa. 

Bnicine C^^^^jd^, 

From TeOy Coffee^ and Cocoa, 

Theobromine C,H«N,0,. 

Caffeine (Theinc) C^K^o^fi^, 



>, 3, 4. TEF PEOSPmNES, AESIJSnSS, STIBINES, 

AND BJSMTTTEINE8, 

The bases containing phosphorus may be obtained, like the 
amines, by the displacement of hydrogen in phosphuretted hy- 
drogen. The tertiary compounds only of arsenic, antimony, 
and bismuth are known ; and they are produced by reactions 
of which the following may be regarded as a type : — - 

AsNag + 3EtI ==^ AsEtj + SNal. 

Sodio .^tli7lio TrieUijl Sodio 

arsenide. iodide.' arsine. iodide. 

Primary and secondary phosphines are obtained by the 
action of methylic or ethylic iodide and zincic oxide upon phos- 
phonic iodide. With ethylic iodide the following reactions 
occur : — 

2PHJ + 2EtI + ZnO = 2PEtH3l + Znl, + OH^. 

PhoBphonio Ethylio Ethyl- Water, 

iooide. iodide. phoBpnomo- 

iodide. 

2PIIJ + 4EtI + 3ZnO = 2PEt,H(ZnT)I + 30H, + Znl,. 

;phon>honio Ethjrlio Diethyl-^hos- Water, 

^oaide. iodide. phonio sinoio 

iodide. ' 
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These reactions take place side by side ; but the primary and 
secondary phosphines are readily separated from each other by 
the consecutive action of water and alkalies upon the products 
of the above operation. 

The addition of water to the mixed product liberates the 
primary phosphine from its compound, whilst the compound of 
the secondary phosphine resists even boiling water, but easily 
decomposes under the influence of alkalies. 

The tertiary phosphines are produced by the action of the 
zinc compounds of the monad positive radicals upon phospho- 
rous chloride : — 

3ZnEt, + 2PC1, = 2PEt3 + SZnCl,, 

Zindo ethide. Phosphorona Trieth^r^ Zinoio ohlorid«. 

. ■ chloride. phoiplune. * 

They may also be obtained in combination with hydriodic 
acid by the action of phosphonic iodide upon the alcohols : — 

PH J + 3EtHo = PEtgHI + 30H,. 

Phosphonio Eihylio Triethyl- Water^ 

iodide. aloohol. phosphonio 

iodide. 

By the action of alkalies upon triethyl-phosphonio iodide 
triethyl phosphine is liberated : — 

PEtgHI + KHo = PEtg + KI + OH,. 

Triethyl- Triethyl- Water, 

phosphonio phoephine. 

iodide. 

The following Table contains the names of the known phos- 
phines, arsines, and stibines : — 

JBrimary Phosphmes. 

Fommla. Boiling-point 

Methyl phosphine PMeH, —14°. 

Ethyl phosphine PEtH, 25°. 

Secondary ^Phosphines. 

Dimethyl phosphine PMe^H.... 25°. 

Diethyl phosphine PEt,H 85°. 
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Tertiary PhospMnef, 

Fonnola. Boiling-point, 

Trimetliyl phosplime PMe, 41°. 

Triethyl phosphine PEt, 127^-6, 

Tertiarif Arsines^ 

Trimetliyl apsine AaMe, 120**. 

Triethyl arsine AsEt, 140^ 

Tertiary Stihinei. 

Trimethyl stibine SbMe, 

Triethyl stibine SbEt, 158°. 

Trmmyl stibine , , SbAy, 

Tertiary BismutMne. 
Triethyl bismuthine , BiEtg 



Character, — The phosphines, arfiines, stibines, and bismiith- 
ines possess yery energetic affinities for negative elements. 
Many of them are spontaneously inflammable in air and oxygen. 
Most, probably all, unite witb an atom of oxygen or a molecule 
of chlorine, bromine, or iodine, forming compounds in which the 
grouping element becomes pentadic. Thus, by the absorption 
of oxygen, triethyl-phosphine is transformed into phosphoric 
triethoxide:— 

PEt, + = PEtjO. 

Trieihyl- Fhosphorio 

phosphine. triethoxide. 



5. 0XTBA8ES. 

These compounds are only known in the arsenic series. 

Arsenious oxyhases. 

Only one of these, cacodylic oxide, has been carefully inves- 
tigated« 
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By the distiUation of potassic acetate with arsenious anhy- 
dride, a compound known as cacodyl, 'As'^^Me^, is produced. 
Thid. substance may also be prepared by the action of methylic 
iodide upon an alloy of sodium and arsenic containing 

'A»",Na,:— 

'A»",]Sra, + 4MeI s=» 'Am^Uo^ + ^Ifat 

Sodio Hethvlto CaoodyU Bodio 

anenide. iodide. iodide* 

By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oxide (As^Me^O) is formed. 

This oxybase does not appear to unite with oxygen acids, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride: — 

AaMe, 

+ 2HC1 = 2A8Me,Cl + 0H,» 



'2 

AsMe. 



'a ^ 

Gaoodjlio Hjdrochlorio Caood^lio Water, 

oxide. acid. chlonde. 

Cacodylic oxide, when exposed to moist air, absorbs wAiet 
and oxygen, forming cacodylic acid : — 

Aa.Me.O + 0, + OH, = 2A8Me,OHo. 

Caco^lio Water. Caoodriic 

oxide. acid. 



CHAPTER XXIX. 

OBQANIO COMFOTTNDS OF TRIAD NITBOQEN 
AKD OF ITS ANALOQTTES {continued). 

Neuteal Seotiok. 

1. THE AMIDES. 

Tliese compounds are formed by the substitution of amidogen 
(NHj,) for the oxatylic hydroxyl of organic acids. They are 
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most conyenientlj written on the diadelpldc type, but may also 
be formulated upon the ammonia type. 

If the acid contain only one semimolecule of oxatyl, a mona* 
mide is the result ; if two semimolecules of oxatyl are present 
m the acid, a diamide is generally formed, <&c. Secondary and 
tertiary compo]imds can also be produced, as in the case pf the 
amines ; but they belong to the negative section of this family. 



A. M0NAMIDE8. 
I. Primary Monamides, 



Acetamide : — 



Chloracetamide : — 

{g^H.Cl)0,,^^tC(CH,Cl)0].or{g5£l. 

Benzamide : — 



{ S^'^^^°^ NH^O(C^,)0], or ( %§l^. 

Ihrmatton.—l. By the distillation of the ammonic salts of 
the monobasic acids : — 



{ 



CH, _ fCH, x'OTT 

COCN^'HP) \00(N"'HJ + ""«• 

Ammonio Aoetamide. Water, 

aoetate. 



2. By the action of ammonia upon the chloracids : — 
{SSci + 'ra. - {00(N"'H,) + ^^L 

Aoetylio Ammonia. Acetamide, Sydroohlorio 

chloride. mW* 
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3. By the action of ammonia on tlie ethereal salts of the 
jnonobasic acids : — 

Ethjlio ATnTtinni'flL Acetoxnide. Aloolio]. 

acetate. 

Beactions, — 1. Boiled with aqueous solutions of acids, the 
primary monamides yield ammonic'^alts and acids : — 

Acetamide. Hydrochlorid Water. Ammonio Acetio 

add. chloride. add. 

2. BoUed with potassic hydrate, ammonia is evolved, and 
a potassic salt, corresponding to the amide, is formed. 

{cO(N"'H^ + KHo = NH, + {coko' 

Acetamide. Fotasaio Ammonia. Fotaasio 

hydrate. acetate. 

II. Secondary Monamides. 

rcH3 

CO 
Diacetimide ... N(CMeOXH or< NH. 

I CO 

ICH3 . . 

rrco 1" fCo-i 

Succinimide UH ^ C,H, or ^ Et" (N"'H)". 

lIco^J [coj 

These bodies possess a negative character, and are treated of 
under the negative section of this class as imides of negative 
radicah (p. 210). 

Tertiary monamides are little known. They are the nitrides 
of negative radicals (see p. 210). 



B. DIAMWUS, 

The diamides may be regarded as derived from two molecules 
of ammonia, by the substitution of a dyad negative radical ibr 
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two atoms of hydrogen ; orlhejr may be considered to be formed 
by the substitution of amidogen for the hydroxyl contained in 
the two semimolecules of ozatyl in dibasic acids :-^ 



Oxamide ».. 



JPritnarif Diamidei, 
(OA) <w (cOAd- 



'CO""' 

Saccinamide. . . N,H,(C^H,Oj)" or N^^ 



Et" 
CO 



fCOA-d 

,or-^Et" . 

[OOAd 



JEbrmation. — 1. By the action of heat upon the normal am- 
inonic salts of dibasic acids : — 

fCO(N»H,0) _ fCO(N"'H,) , Q„ 
tCO(N^H,0) ~ \CO(N"'H,) + ^"^»' 

Amnionic oxalate. Oxamide. Water. 

2. By the action of ammonia on the ethereal salts of dibasic 
ftcids : — 

fCOEto . «mf - fCO(N'"H,) . ^^.^^ 

Ethylio Ammoniu Oxaiiude< AloohoL 

oxalate. 

t. By the action of ammonia on the chloro-dibasic acids : — > 

fCOCl fCO(N"'BL) 

4NH; + \ Et" >=> iW 4- 2NH,C1. 

[COCl (.CO(N"'H,) 

Axxuno&ia. Sacdnylio Saocinamide. Ammonio 

chlorioe. chloride. 

The secondary and tertiary diamidea are but little known. 



C. TBJUMIDm. 

JPrvm(vry Triamides. — The primary triamides may be regarded 
as derived from tribasic acids by the substitution of amidogen 
for the hydroxyl contained in the three semimolecules of oxatyl 
of these acids, or as derived from three molecules of ammonia 
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by the replacement of three atoms of hydrogen by the residue 
of a tribasic acid. A good example of a triamide is 

f CHHo(COAd) 

. Citramide \ CH(COAd) or N,B:JC,B:fiy''. 

[ CH,(COAd) 

Citramide is formed by the action of ammonia on ethylic 
citrate. 
^Secondary and tertiary triamides have not yet been formed. 



2. TRE ALKALAMIDES. 

These compounds occupy an intermediate position between 
the amines and the amides. They are derived from ammonia 
by the substitution o^ part of the hydrogen by positive, and 
part by negative radicals ; and inasmuch as two atoms at least 
of hydrogen must be so substituted, no primary alkalamide can 
exist. 

Secondary and tertiary monalkalamides, dialkalamides, and 
trialkalamides are known. 

. Ethyl acetamide NHEt(CMeO). 

Ethyl diacetamide NEtCCMeO)^. 

Diethyl oxamide N,H,Et,(C,0,)". 

Diphenyl-carbonyl-oxalyl diamide N,(C,H,),(CO)"(C,0,)". 
Citryl-triphenyl-triamide lX^^X^^^,\i!^^fiJ'\ 

The alkalamides incline towards a positive character, their 
degree of alkalinity being about equal to that of urea. 



3. THE TBIOHLOnnrATED AND TEISBOML 

NATEB AMINES, 

If the hydrogen in an amine be gradually substitutdd by 
chlorine or bromine, the basic character of the amine gradually 
diminishes, and finally a neutral compound is obtained. 

This reaction has been studied in the case of aniline, which 

VOL. 11, p 
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loses basic energy by the successive replacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen : — 

NH,(CA). NH,(C.H.a). NH,(C,H,C1,). NH,(C.H,C1,). 

Aniline. Chloraniline. Diohloraniline* Triohloranilinie. 



4. TRJE SALOID COMPOUJWS OF 0XTBASE8. 

These bodies are only known in the arsenic series ; they are 
formed by the action of chlorine, bromine, or iodine upon 
cacodyl and its homologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxybases. 

General formula A»(C„H2^i)jCl. 



Negatiye Sectiok. 

THE IMIBUS AND NITBIBES, 

n « 1 p 1 fofimides... NB[(CnH2,_iO)2, 
General formula . . . | ^^ ^^^^^ _ N(C.H^.xO). 

Formation. — ^By the action of chloracids (the so-called chlo- 
rides of negative radicals) upon amides : — 
NH,(CMeO) + CMeOCl = NH(CMeO), + HCl. 

Acetamide. Acetylio Diaoetimide. Hydrooblorio 

chloride. acid. 

A repetition of this reaction gives acetylic nitride, which may 
also be obtained by heating a mixture of acetonitrile and acetic 
anhydride to 200^ 

An imide may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus : — 

rco" 

^Et" 

Licoj 

These bodies have hitherto received but little attention. 



Succinimide NH(C,H,0,)", or NH 



-\it 



I 
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CHAPTER XXX. 

11. COMFOTTNBS OF FSNTAD NITBOGEN 
AND OF ITS ANALOGUES. 



This class of compounds contains the following series : — 


FttUiM. 


Neutral. 


N«gatiio4. 


1. Canstio Nitroeen bases. 

2. „ Pfaospnorus bases. 

5. „ Arsenio bases. 
4. „ Antimony bases. 

6. Ozyarsenio bases. 

6. Ozyantimonic bases. 


1. Salts of Amines. 
3. f, Fbosphines. 

3. „ Arsines. 

4. „ Btibines. 

5. „ Ozyarsenio bases. 

0. „ Ozyantunonio bases. 


1. Orfranio arsenio 
acids, oxyohlo- 
rides, and.chlo- 
rides. 

2. Organic antimo- 
nio adds. 



FOSITIVE COMPOUNDS, 
1. Caustic Nitrogen Doses. — 

General formula N(C„H2„+i)4Ho. 

In each positive radical n must be a positive integer. The 
radicals need not be all of the same atomic weight. 

Formation. — By the action of argentic hydrate upon the 
iodides of the compound ammoniums : — 

NEtJ + AgHo = NEt,Ho + Agl. 

Areentio Tetrethylammo' Argentic 

hydrate. nic hydrate. iodide. 



Tetrethylammo* 
nic idiflide. 



2. Caustic FJiosphorus Doses. 

8. Caustic Arsenic Doses. 

4. Caustic Antimony Doses. — 

By displacing the Nin the above general formula and in the 
equation by P, As, and Sb, the constitution and formation of 
these three series of compounds will be expressed. 

6. Occyarsenic Doses. — These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
sines : — ■ 



As(CnH^+i)3 + 



Tertiary monarsine. 



Aa(C„H^i).0. 

Ozyarsenio base. 

p2 
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6. Oxyantimonic Bcues. — ^These are formed in a manner 
exactly analogous to that in which the oxyarsenic bases are 
produced. 



NEUTRAL OOMPOUJSmS. 

I. Salts of Amines, 
General formulae : — 

N(CJIi^i)(C«H^+03CL 

In the first formula m may =0 ; in the second, C^H2« may be 
displaced by BL, ; and in the third, C„H2w-.i uiay be substituted 

by H3. 

Formation, — Like the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus : — 

NEtH, + HCl == NEtH3Cl. 

Ethylaxnine. Hydroohloric Ethvlammonio 

acid. ciiloride. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 192). 

Character, — The salts of the diamines and triamines are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formulae, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cftses united together by one of the bonds of each, besides 
being linked by the polyad radicals, thus : — 

. W%(C„H2„)"(C^H2.)^H(N03); 
i^(N3)^(aH,„.x)'"(C«H2.-i)"',HCl. 

The difference between these two classes of salts will be ren-" 
dered more evident by a comparison of the following graphic 
and symbolic formulae : — 



mmr 
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Normal SalUi 

CI H' Hv/Cl -«,. 

■^ ^Et" N or N,H.Et"CLor]Et" . 

r/\Tr Tl/\TT INH,C1 



f NH,C1 



H'^H 



Ethylene-diammonio dichloride. 



Ck/H Bx/H _.. I^/Cl 



N Et" N ^Et" N 

CI 

Diethylene-triaminonic trichloride. 

(TSlRfil 



or N,H,Et",C)3 or ^ KTH^Cl. 






Efc" 



lEt" 
I.NH3CI 



N ^Et" 

/^ ^H 



Monacid Salts, 



H 



N or 'N'',H,Et"Cl cr | J^^Et". 



Etbjlene-diammonio inonoohloride. 



-^ ^Et"- 



H 



/\. 



r 

-N- 



CI 



H 



-Et" N 



Diethylene-triammonio monochloride. 

fNH 



or »XN3)^'HeEt",Cl or \ NH "^^u. 



Diacid Salt. 



Clv./H 

N Et"- 






■Et". 



-^Cl 

— N 

H^^H n/^H h/^h 

Diethylene-triammonio dichloride. 



or "(N3)'^«H,Et",C], or ( 



NH3C1e^., 



NH 



NH,.C1 



»^,Et"' 
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2. Salts of FJiosphines. 

3. Salts of Ar sines, 

4. Salts of Stibines. 

These tliree series of salts all present close analogies with tlie 
salts of the amines both in constitution and in the mode of their 
formation. The mode of formation of several of them is shown 
at pages 202 and 203. 



6. Salts of Oxy arsenic Bases, 

A8(C„H2„+i)gClj. 

Formation. — By the action of acids on the oxy arsenic bases 
AsMcgO + 2HCI '= AsMCgCl, + OH, 

Arsenic Hydrochloric Arsenic trimetho- Water, 

trimethoxide. acid. dichloride. 



6. Salts of Oxyantimonic Bases. 

These resemble the previous salts in formation and consti- 
tution. 



NEGATIVE COMFOUNBS. 

1. Organic Arsenic Acids, OxyclilorideSy and Chlorides, 

The following are the principal bodies of this class : — 

Monomethylarsenic acid AsMeOHo,. 

Arsenic oxydicWormethide AsMeO CI,. 

Arsenic tetrachlormethide AsMeCl^ 

Cacodylic acid AsMoaOHo. 

Cacodylic trichloride AsMeaClg. 
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2. Organic Antimonic Acids, 

!N*o exploration of this series has yet been made. The 
members of it will doubtless be found to have close analogies 
with the corresponding series of arsenic compounds. 



CHAPTER XXXI. 

OEGANO-BOBOK AND SILICON COMPOUNDS. 

This family is divided into the two following classes : — 

1. Organo-boron compounds. 

2. Organo -silicon compounds. 

, 1. OrganO'horon compounds^ 

9 

These compounds contain boron directly united with the 
carbon of monad positive radicals, and are thus distinguished 
from organic compounds containing boron, as seen in the fol- 
lowing formulae :— 



Organo-boron compound. 

H H 



Organic compound containing boron. 

H H 



H— C— B— C-~H 

I I 

H H 

H— C— H 



H-'C— O— B— 0— C— II 

I I I 

H O H 



H 

Sorio metihide. 



H 

HethjUo borate. 



The organo-boron compounds are produced by the replace- 
ment of methoxyl or ethoxyl in methylic or ethylic borate by 
monad positive radicals. Hitherto only the radicals methyl 
and ethyl have been thus combined with boron. 
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BOBIC KETHIDE. 

B(CH3)3, or BMe,. 

Molecular weigTit =56. Molecular volume \ I I . 1 litre of boric 
methide gas weighs 28 criths. Condenses at l(f under a 
pressure of four atmospheres. 

Preparation, — By adding to ethylic borate an ethereal 
solution of zincic methide, when boric methide is evolved as 
gas:— 

2BEt03 + SZnMej = 2BMe3 + 3ZnEto,. 

Ethylio Zinoio Borio Zineio 

[borate. methide. methide. ethylate. 

Meactions, — 1. Inflames spontaneously in air or oxygen. 

2. Combines energeticaUy with ammonia, forming ammonia- 
boric methide : — 

NH3 + BMe, = NH3,BMe3. 

Ammonia. Borio Ammonia-lv>rio 

methide. methide. 

3. Boric methide combines readily with potash, soda, lime, 
and baryta, forming compounds the composition, of which is 
not known with certainty. 

AMUONIA-BOBIC METHIDE. 
NH3,BMe3, 



Molecular weight zs^^. Molecular volume {anomalous) 

Fuses at 56°. Bails at 110**. 1 litre of ammonia-boric 
methide vapour weighs 18'25 criths. 
Permed as above described. 

Meactions. — 1. Cupric chloride absorbs ammonia from the 
vapour of ammonia-boric methide, reducing the volume of the 
vapour to one half and leaving boric methide gas : — 

6(NH3,BMe3) f 3CuCl, «= 2CuC]„6NH3 -f 6BKe^. 

Ammonia-borip Ammonia-cnprio Borio 

methide. ^ chloride. methide. 
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2. Ammonia-boric methide is readily decomposed by acids ; 
even carbonic acid decomposes it. "With hydrochloric acid the 
reaction is : — 

NH3,BMe3 + HCl =; NH.Cl + BKe,. 

Anunonia-borio Anunonic Bono 

methide. chloride. methide. 



BOMC EIHn)E. 

B(C A), or BEt,. 

t 

Molecular weight s=s98. Molecular volume QU* 1 H^^^ of 
boric ethide vapour ioeiglis 49 criths* Boils at 95° G. 
^. gr. of liquid '6961 at 23°. 

JPreparafion, — By the action of zincic ethide upon ethylic 
borate : — 

2BEto, + SZnEtj = 2BEt3 + SZnEtOg. 

Dthjlio Zindo Baeio Zincio 

borate, ethide. ethide. ethylate. 

Beactions, — 1. Inflames spontaneously in air, and explodes in 
oxygen. 

2. Allowed to oxidize gradually, boric ethide forms boric 
etho-diethylate : — 

BEt3 + O, = BEtEto,. 

3. Heated with hydrochloric acid to 99°, it slowly evolves 
ethylic hydride, and is converted into boric dietho-chloride : — 

BEt, + HCl = BEt,Cl + EtH. 

Borio Boric dietho- Ethylic 

ethide. chloride. hydride. 

'4. Boric ethide combines very energetically with ammoniacal 
gas, forming ammonia-boric ethide :— 

NH3 + BEt3 = NH3,BEt3. . 

Ammonia. Borio Ammonia-boric 

ethide. ethide. 
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BOBIC ETHO-BIETHTLATE. 



BEtEto,. 



JBoiU at 125° C. 



Preparation, — By the slow action of oxygen upon boric 
ethide as above described. 

Beaction, — In contact with water it is instantly decomposed, 
forming horio etho-dih^drate : — 

BEtEto, + 20H, = BEtHo, + 2HEto. 

Boric etho- Water. Borio eftho- AlcohoL 

diethjlate. dihjdrste. 

AIOCONIA-BOIIIC ETHIDE. 

NH3,BEt3. 

Formed by the union of ammonia gas with boric ethide as 

above described. 
JJe<K?^w;j.— Decomposed by acids but not by carbonic acid. 

With hydrochloric acid the reaction is as follows : — 



l«H3,BEt, 


+ 


HCl 


= 


NH.Cl 


+ 


BEfc3., 


Ammonia-horio 
ethide. 








Ammonio 
chloride. 




Borio 
ethide. 



2. OrffanO'Silicon compounds. 

The great simUarity in chemical functions between carbon 
and silicon seems to justify the anticipation that a great number 
of compounds of silicon will be produced analogous in consti- 
tution to the organic compounds of carbon. Already several 
such compounds are known, as for instance :-— 

SiUoo-oompoxmdB. Orguiio analogues. 

SiH,. CH,. 

Silicic hydride. Marsh gas. 

SiHCl,. CHCl,. 



Silicon chloroform. 

rSiHO 

o 

SiHO 

SiUcoformic 
anhydride. 



Chloroform. 

fCHO 
ICHO 

Unknown 
formic anhydride. 
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Following the analogy of organic compounds, the substitution 

of one of the atoms of hydrogen in silicic hydride by the 

hitherto unknown radical silicon methyl (SiHg) would yield 

a body constituted like the molecule of methyl or ethylic 

hydride, 

fSiH3 
I SiH3- 

Prom this, silicoethylic chloride (SiaHjCl) ought to be ob- 
tained ; and then, by the substitution of hydroxyl for chlorine, 
the silicon-analogue of common alcohol (SiaH^Ho). None of 
these compounds containing silicon directly combined with 
silicon have hitherto been formed ; indeed, unlike the tetrad 
elements, carbon, tin, and titanium, silicon appears to have little 
tendency to form such compounds. Amongst the host of 
silicon minerals there is not one in which the assumption of 
the existence of silicon combined directly with silicon is ad- 
missible. Disilicic hexachloride (SI^CIq) has, however, been 
re cently formed. 

But, although these true silicon analogues of the more com* 
plex organic compounds have not hitherto been obtained, 
yet a large number of bodies which contain silicon atoms 
direotiy combined with carbon have been synthetically pro- 
duced; and many of these substances exhibit interesting 
analogies with corresponding compounds containing carbon in 
the place of silicon. These are the bodies which are included 
in the class of organo-silicon compounds. The following Table 
contains the names and constitutional formulsB of the chief 
members of this class, together with those of their derivatives^ 
such as ethylic silicate (SiEto^), which do not, strictly speakiug, 
belong to it, inasmuch as they no longer contain silicon directly 
combined with carbon : — 

Name. Formula, Boning- 

point. 

Silicic methide SiMe^ 30-5 



f SiMeo3 



Disilicic oxy-hexamethylate -I O 

SiMeo 
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V«.. Formul.. ^- 

o 

Silicic metliylate SiMeo^ 121 

SiHcic ethide SiEt, 1525 

Silicic dimethylate ethylate SiMeo^Eto, 145 

Silicic chlortriethylate SiClEto, 156 

Silicic dichloretliylate SiCl^Eto^ 

Silicic ethylate SiEto^ 1665 

Silicic triethylate amylate SiEto, Ayo 220 

fSiEto, 

Disilicic oxy-hexaethylate - O 235 

[ SiEto, 

fSiEt, 

Disilicic oxy-hexaethide - O 227 

i SiEt, 

Silicictydrotriethylate SlHEto, 134 

Silicic ethotriethylate SiEtEto, 158-5 

SiHcic dieth-ethylate SiEt,Eto, 166-6 

Silicic trieth-ethylate SiEtjEto 153 

Silicic dietho-chloretliy late SiEt.ClEto 148 

Silicic. chlortriethide SiEtgCl 1435 

Silicic dichlorethide SiEt^Cl, 129 

SiHcic trichlorethide SiEtCl, 

SiHcic diethoxide SiEt^O 

{SiEt 

CMeHCl ^^^ 

SiHconyUc alcohol {cMeHHo ^^ 

C0'(SiC,H„0) 211 

f SiEto, 

Silicic aceto-triethvlate < O — — 

lOOM 

Silicic acetylate Si(COMe), 

Silicopropionic acid l SiOH ' 

Silicic triothohydrate {Triethyl- f amt Ho 1535 

Micol) .. I ^ 
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SILICIC KETHIDK 

H 

H— C— H 
H I H 



Si(CH3). I 

or H— C Si C— H 



SiMe,. 

H 



i 



H— 0— H 

I 
H 



Molecular weight =8S'5. Molecular volume I I I . 1 litre of 
silicic methide vapour weighs 44'25 criths. Boils at 30°'5. 

Ibrmation. — By the action of zincic methide upon silicic 
chloride at a temperature of from 120° to 200°. 

SiCl« + 2ZnMe, = SiMe, + 2ZnCl,. 

Silioio Zincio Silicic Zlndo 

chloride. methide. methide. chloride. 



SILICIC ETHIBE. 

SiEt,. 

Molecular weight =144j'5. Molecular volume I I I . 1 litre of 
silicic etJiide vapour weighs 72*25 criths, JBoils at 152°'5. 

Preparation, — By the substitution of zincic ethide for zincic 
methide in the reaction last described, silicic ethide is pro- 
duced. 

Beactions. — Treated with chlorine, one atom of hydrogen is 
replaced by an atom of chlorine, and siliconylic chloride is 
formed : — 

SiEt3(CMeH^ + a, = {oMeHCl + '^^' 

Silicic ethide. Siliconylic chloride. 
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At the same time a portion of the silicic ethide is conyeited 
into dichlorinated silicic ethide, wHch, wben heated with 
aqueous alcohol and potassic acetate, yields disilicic oxyethidey 

fSiEt, 
O . 
SiEt, 



SILICTC TRIETHOHYDRATE. Triethyhsilicol 

SiEtgHo. 
Molecular weiglit s=132*5. Molecular volume QU- 1 ^^^^^ of 
the vapour weighs 66*25 criths. Boils at 153°'5. Sp. gr, 
ofliguid'S769atO''. 

Preparation, 1. By digesting silicic triethoethylate with 
water at 200° :— 

SiEtjEto + OHa = SlEtgHo + OEtH. 

Bilicie Silicio Alcohol, 

triethoethylate. triethohydratd. 

2. By the action of aqueous ammonia upon silicic chlor- 
triethide : — 

SiEt3Cl + OH, + NH3 = SiEt,Ho + NH.Cl. 

Silicio Silicio 

chlortriethide. triethohydrate. 



SUICOPBOPIONIC ACID. 

r CMeH, 
jSiOHo- 

jPreparaiion, — 1. This acid, which contains the new negative 
radical SiOHo (that is to say, oxatyl in which carbon is re- 
placed by silicon), is prepared from silicic chlortriethylate by 
the followiug series of reactions : — 

1st. Silicic chlortriethylate is treated with zincic ethide and 
sodium, and thus converted into silicic ethotriethylate by the 
following reaction : — 
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2SlClEt03 + inEt, = ZnCl, + 2SiEtEtOy 

Silicic Zincic Silioio 

hlortriethylate. ethide. ethotrietbjlate. 

2nd, Silicic ethotriethylate, whicli is a colourless liquid, 
smelling like camphor and boiling at 158°'5, is now heated with 
concentrated solution of potassic hydrate, when the foUowiag 
change takes place : — 

SiEtEtOg + KHo + OHa = SiEtOKo + 3EtHo. 

Silicic Fotassio AloohoL 

ethotriethjlate. siUooprepionate. 

3rd. Erom the potassium salt, sHicopropionicis obtained by 
the addition of hydrochloric acid. 

2. By heating silicic ethotriethylate with acetyHc chloride to 
180°, silicic ethotrichloride is produced : — 

SiEtEto, + 3(gH,^ = SiEtCl, + ajg^^^. 

Silicic Aoet}[lio Silicic Ethylio 

ethotriethylate. chloride. ethotrichloride. acetate. 

By the subsequent action of water upon the silicic etho- 
trichloride, pure silicopropionic acid is obtained as a white 
insoluble powder resembling silica : — 

SiEtCl, + 20H, = SiEtOHo + 3HC1. 

Silicic Silicopropionic 

ethotrichloride. ada. 



CHAPTER XXXII. 

OEGAirOMETALLIC BODIES. 

This term is applied to a family of compounds in which an 
organic radical is united directly with a metal ; and it serves 
to distinguish them from other organic compounds containing 
metals, in which the metal and organic radical are indirectly 
united or linked to each other. 

Thus zincic ethide is an organometallic body, while zincic 
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ethjlate aad zincic succioate are organic bodies containing 

metals ; — 

H H H H 

Zincic etiude... ZnEfc,. H— C— C— Zn— C— C— H 



H H H H 



Zincic ethylate. . . 2SnEto^. 

. H H H H 

H— C— C-0— Zn— 0— C— C— H 

H O 



Zincic Bucciuate ... 



. I! 

r CO — I H— c^c-o 



C,H. Zna". Z, 

CO ' H— C— C— 0— ^ 



u 



Many org^ic compounds containing metals are the derira- 
tiyes of organometallic bodies ; thus zincic ethide bj oxidation 
yields zincic ethylate— 

ZnEta + 0, « ZnEtOj,; 

Zindo Zincio 

ethide. . ethylate. 

and by further oxidation zincic ethylate can be converted into 
zincic acetate— 

g^g.Zao", 4- 20, = g^^gZno" + 20H,. 

Zincio ethjlste. Zinoio aoetate. Water. 

Another instance of the derivation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
mation of potassic propionate by the action of potassic ethide 
upon carbonic anhydride : — 

CMeH^K + CO/- {g^g». 

Potaasio Carbonic FotaBsio 

ethide. anhy^de. propionate. 



i 



FORMATION OF ORGANOMETALLTC BODIES. 



225 



Formation of orgcmometallic bodies. 

Organometallic bodies are produced in a large number of 
reactions, which, however, may be classed under the following 
four heads : — 

I. By the union of monad positive radicals in statu nascent^ 
with a metal, or by the coalescence of a metal with the iodide 
of a monad positive radical. 

Thus, when zinc and ethylic iodide are heated together to 
100° in closed vessels, zincic ethide is formed : — 

2EtI + Zn^ = ZnEtg + Znl^. 



Eth^Ho 
iodide. 



Zindo 
ethide. 



Zincio 
iodide. 



Sometimes light may be employed instead of heat to effect 
this change, as in the case of the organo-tin compounds. In 
the formation of organo-mercury compounds by this method, 
light is indispensable to the reaction : — 

EtI 4- Hg = HgEtl. 



Ethjlio 
iodide. 



Mercuric 
ethiodide. 



II. By the action of the respective metals alloyed with potas- 
sium or sodium upon the iodides or, in rare cases, the bromides 
of the monad positive radicals. 

By this process there is less tendency to form compounds 
containing both positive radicals and negative elements. Potas- 
sium or sodium compounds are never produced in this reaction, 
because they cannot exist in the presence of ethylic iodide or 
its homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds : — 



4EtI -f SnNa,, 



SnEt, + 4NaI. 



Ethjlio 
iodide. 



Tin sodiiun 
alloj. 



Stannic 
ethide. 



Sodic 
iodide. 



2EtI + HgJSTa, = HgEt^ + 2]S'al. 



Ethjlio 
iodide. 



Sodium 
amalgam. 



Mercuric 

etiiide. 



Sodi 
iodide. 



VOL. n. 



226 



OEOANOMETALLIC BODIES. 



2C,,H,Br + HgNa, = Hg(C„H,), + 2NaBr. 

Napnthylio Sodium Meroario Sodio 

de 



bromide (bromo- 
BAphthaline). 



UIl&l£U&« 



nsphthide. 



bromide. 



III. By the action of the zinc compounds of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron ; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal : — 

SnCl, + ZnEt, = SnEt^Cl, + ZnCl,. 



Staxmic 
chloride. 



Zincic 
ethide. 



Stannic dichlor- 
ethide. 



Zincic 
chloride. 



SnCl, + 2ZnEtj, = SnEt, + 2ZnCl 



Siannic 
chloride. 



Zincic 
ethide. 



Stannic 
ethide. 



2HgEtI + ZnEt, = 2HgEk2 + 



Mercoric 
ethiodide. 



Zincic 
ethide. 



Ifercnric 
ethide. 



2* 

Zincic 
chloride. 

Znl,. 

Zincic 
iodide. 



IV. By the displacement of a metal in an organometallic 
compound by another and more positive metal. 

This method has been successfully employed for the forma- 
tion of the organo- compounds of potassium, sodium, lithium, 
aluminium, and zinc. In the first three cases the reaction takes 
place at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body: — 

3ZnEt + Na, = 2ZnNaEt, + Zn. 



Zincic 
ethide. 



Sodic zincic 
ethide. 



SHgEt, + Al, = 'Al"',Et, + 3Hg. 



Mercuric 
etiiide. 

HgAy, 

Mercuric 
amylide. 



+ Zn = 



Alnminic 
ethide. 

ZnAy^ 

Zincic 
amylide. 



+ Hg. 



BEACTIONS OF OROANOMETALLIC BODIES. 227 

JReactions of organometMic bodies, 

1. The most interesting reaction of the organo- compounds 
of the monad metals is their transformation into salts of normal 
fatty acids by the action of carbonic anhydride (see p. 118). 

2. The orga/nO' compov/nds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals : — 

C,H«]Sra + C,HJ = NaT + C.H.H + C,H,. 

Sodio Eth^lic Sodio Eth^rlic Ethylene, 

ethide. iodide. iodide. hjdnde. 

3. The organo- compotmds of zinc are decomposed by water, 
with formation of the hydrides of the radicals : — 

ZnEta + 20H, = ZnHoa + 2EtB[. 

Zindo Water. Zincio Ethjiio 

ethide. hydrate. hydride. 

4. By the slow action of dry oxygen, they pass through two 
stages of oxidation : — 

ZnEt^ + O = ZnEtEto; 

Zincic Zincic etiio- 

ethide. . ethylate. 

ZnEtEto + O = ZnEto^. 

Zincic etho- Zincio 

etiiylate. ethylate. 

6. Monad negative elements, such as iodine, remove succes- 
sively the two atoms of ethyl : — 

ZnEt, + I^ = ZnEtl + EtI; 

Zincic Zincio Eth^lic 

ethide. ethiodide. iodide. 

ZnEtl + I^ = Znl, + EtI. 

Zincio Zincio Ethylic 

ethiodide. iodide. iodide. 

6. The organo-zinc compounds are extremely useful for the 
displacement of chlorine or its analogues by ethyl or its homo- 
logues : — 

2PCI3 + 3ZnEt, = 2PEt3 + 3ZnCl,. 

Fhosphorons Zincic Triethyl- Zincio 

trichloride. ethide. phosphine. chloride. 

q2 
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SiCl, + 2ZnEt3 = SiEt, 



Silicio 
chloride. 



0,H,C1 



C,H,C1 

Chlorether. 



fCJH,Et 
2-^0 + 



Ethylo- 
dhlorether. 



Zinoio 
ethide. 



+ ZnEt, s 



Zinoio 
ethide. 



ZnEt » 



Zinoio 
ethide. 



BiUoio 
ethide. 



+ 2ZttCl,. 

Zindo 
chloride. 



f C,H.Et 

Ethjlo- 
chlorether. 

fC,H,Et 
2-^0 
[ C,H«Et 

Diethjlated 
ethjlic ether. 



+ ZnCl,: 



Zinoio 
chloride. 



+ ZnCl,. 



Zinoio 
chloride. 



Diethylated ethylic ether is isomeric with butylic ether, and 
contains the radical methylo-ethylated methyl (see p. 8). 
By oxidation it wotdd doubtless give methylated acetone 
(p. 187). 

7. Oxygen may also be displaced in a similar manner. 
Thus:— 



2'N'' 0, -h ZnEt, = 



N.OEt-O— 1 

Zn" 
N,OEt-0_J 






19'itrio 
oxide. 



Zinoio 
ethide. 



Zinoio dinitro-ethjlate. 



This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of nitrogen atoms : — 



COEt-0 — I cEtO 

Zincic propionate . . . Zn" or ^-Di-XZno"^ 

COEt-0 I 



CEtO^ 



8. An analogous reaction is observed with sulphurous anhy- 
dride : — 



2S0, + ZnMe, = 



SOMe-0- 



Solphnrons 
anhydride. 



Zinoio 
methide. 



2n" 
SOMe-Oj 

Zincio methjlditiuoDjftte. 



SMeO„ „ 
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9. When ethylic borate is acted upon by zincic methide, the 
ethoxyl becomes replaced by methyl : — 

BEto, + SZnMe, =» BMe, + 3ZnMeEto. 

Ethjlio Zincio Bono Zincio methide 

borate methide. methide. ethylatd. 

10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, ethylic diethozalate is formed : — 

{ COEto+ ^^'^+ 20H,= { %^^- + ZnHo, + EtHo. 

Ethylio Zincio Water. Ethjiio Zindo Alcohol, 

oxalate. ethide. diethoxalate. hydrate. 

11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zinc for hydrogen : — 

ZnEta + 2NH, = ZiiAd,, + 2EtH. 

Zindo Ammonia. Zindo amide. * EthyUo 

ethide. hydride. 

12. The organo-zinc compounds, by losing one semimolecule 
of their organic radical, become monad radicals, as shown by 
the following formulae : — 

Methylozincic dmitrome- 1 'N" OMe.O-(ZnMe). 
thylate J 

Ethylozincic dinitroethy- 1 'jg" OEt-O-(ZiiEt). 
late J 

Ethylic ethylo-zincic di- f OEtj,.0.(ZnEt) 
ethoxalate 1 O^Eto 

13. Mercuric ethide^ when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element : — 

HgEt, -h Br, = HgEtBr -f EtBr. 

Mercurio Meronric Ethylic 

ethide. ethobromide. bromide. 

14. Mer Citric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HgMe, -h Hgl, = 2HgMeI. 

Mercurio Mercurio Mercirio 

methide. iodide. methiodide. 
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The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the formulsB 

HgEtHo and HgMeHo. 

Merourio Merourio 

ethohjdrate. methohydrate. 

15. The orffonostannous compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEt, + I, = SnEtJa. 

stannous Stannic * 

ethide. iododiethide. 

16. Sypostannic organo- compounds undergo a similar trans- 
formation : — 

'Sn"',Ete -I- I, = gSnEtgl: 

HypoBtannic Stannic 

ethide. iodotriethlde. 

SnEtgl + I^ = SnEtJ, + EtI. 

Stannic Stannic Ethjlio 

iodotriethlde. iododiethide. iodide. 

17. Sypostannic ethodiniodide is formed by the action of 
iodine upon stannic ethodimethide : — 



2SnEt,Me, 


+ 


le = 


'Sn"',Et,I, 


.+ 


4MeI. 


Stannic 
ethodimethide. 






HjpoBtannic 
ethodiniodide. 




MethvUc 
iodide. 



18. Stannic ethide, when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride : — 

SnEt, + HCl = SnEt3Cl + EtH. 

Stannic Hydrochloric Stannic Ethylic * 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formulae are : — 



Oxide ... ^ 



SnEts 

O ; Hydrate... SnEtgHo. 

SnEk 



These compounds, and the salts which they form, correspond 
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in compositioii, constitution, and, to a certain extent, in pro- 
perties, with the compounds of methyl : — 



Alcohol. Haloid ether. Ether. 

MethyHc CH3H0. CH3CI. 



fCH3 
O . 



Stanntriethylic SnEtgHo. SnEtgCl. ^ 



CH3 

f SnEt3 



O 
SnEt, 



19. Stannic chlorodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEt.Cl, + Zn = SnEta + ZnCl,. 

stannic Stannous Zincic 

chlorodiethide. ethide. chloride. 

20. JPerplumhic ethide resembles stannic ethide in its re- 
actions; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride ; — 

PbEt, + HCl = PbEt3Cl + EtH. 

Perplumbic Hydrochlo- Perplumbic Ethylic 

ethide. ricacid. chlorotriethide. hydride. 

21. Ferplvmbic triethohydrate (PbEtgHo) is a powerful base, 
forming salts with acids. 

22. The organo-tellurivm compotmds form oxides and salts. 
The following are the formulae of tellurium ethide and some of 
its compounds : — 

Tellurium ethide TeEt^. 

Tellurous diethoxide TeEt^O. 

TeUurous diethiodide TeEtJ^. 

Tellurous diethosulphate TeEt^CS^OJ". 

Constitution of Orgcmometallic Bodies. 

The organometallic compounds are constituted on the types of 
the metals they contain. It was, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hexad types. 



232 



OBOANOUETAIXIC BODIES. 



The organic denTatiTes of the monad metals are formed on 
the type of potassic chloride (KCl) : — 

H H 

K— a K— C— C-H 

PotMsio chloride. Potafldo ethide. 

The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (ZnCy : — 

H H H H 



CI— Zn— CI 



Zincio chloride. 



H— C— C— Zn— C— C— H 



H 



i 



H 

Zinoio etitide. 



k 



H H 

[_Hg— C— C— H 
H K 

Meronrio iodefchide. 



The organo-aluminic compounds are formed upon the type 
of aluminic chloride ('Al"',Cle) :— 

H H 



H 



-L 



I 

H H— 0— H 



CI CI 



H 



CI— Al— Al— CI H— C Al 

I 
H 



H 



CI CI 



■Al C— H 

I 
H 



H— C— H H— C— H 



Alnmimo chloride. 



H H 

Alaminio methide. 



The organo-tin compounds are formed upon the three types 
"Sii"Cl„ 'Sii"',Cle, and SnCl^,— the first resembling the zincic 
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cMoride type, and the eecond the alumiuic chloride type (see 
p. 232) :— 

CI Et Et Et 



CI— Sn— CI Et— Sn— I Et— Sn— Et Et— Sn— Et 
CI I Et I 

Stannio chloride. Staimio iododiethide. Btannio eUiide. Btannio iodotriethide. 



Et 



Et Et 

I I 

Et— Sn— 0— Sn— Et 



I 



A 



Et— Sn— 0— H 

Et Et Et 

Stannio triethohjdrate. Pistannio hexethozide. 

The inorganic types of the organo-tellurium series are TeCl, 



and TeOa •"" 



CI— Te— CI 

Tellarium oliloride. 

Et— Te— Et 



0=Te=0 

Tellnroua oxide. 



/Et 
0=Te( 

\Et 



Tellnriiun ethide. Tellnrons diethoxide. 



I/^®\Et 

Tellnrons 
diethiodide. 



The organo-arsenic, antimony, and bismuth compounds are 
derived from the types 'AB".fi\, A3CI3, AaOHo3, SbCl,, SbCl„ 
BiClj, and BiO^Ho (see pp. 204, 211, and 214) :— 



O 

H— 0— As— 0— H 

I 
O 

I 
H 

Arsenic add. 

o 

II 

Me— As— 0— H 



O 

H— 0— As— 0— H 

I 
Me 

Monomeihylarsenio acid. 

o 



Me 

Caoodjlio acid. 



Me — ^As — Me 

I 
Me 

Arsenic oxytrimeihide. 
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The effect of the substitution of positive for negative radicals 
in compounds is strikingly exhibited in the case of arsenic acid, 
AsOHOg, as illustrated in the above graphic representations. 
By the substitution of one semimolecule of methyl for hydroiyl, 
a well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethylarsenic acid, AsOMeHo^. By the 
replacement of a second semimolecule of hydroxyl by methyl, 
a very feeble acid, cacodylic acid, AsOMCaBo, is obtained. 
By the replacement of the third semimolecule of hydroxyl 
by methyl, the acid properties are completely destroyed, a 
feeble base, the arsenic oxytrimethide, being formed, AsOMog. 
[Finally, by the substitution of methyl and hydroxyl for the 
remaining atom of oxygen there is produced a powerful base, 
tetramethylarsenic hydrate, AsMe^Ho. 

The following is a list of the principal organometallie 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 

Potasflio-zincic methide KMcjZnMe^. 

Potassio-zincic ethide KEtjZnEt^. 

Sodio-zincic ethide NaEtjZnEtj. 

Lithio-zincic ethide LiEtjZnEt^. 

Lithio-mercuric ethide LiEtyHgEt,. 

II. Organo- compounds containing dyad metals : — 

Magnesic ethide MgEt^. 

Zincic methide ZhMOj. 

Zincic ethide ZnEt^. 

Zincic amylide ZnAy^. 

Mercuric methide HgMe^. 

Mercuric ethide HgEt^. 

Mercuric methiodide HgMel. 

Mercuric ethonitrate HgEt(]S'^08) . 

Stannous ethide "Sn"Et«. 



Tellurium methide TeMe^. 
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III. Organo- compounds containing triad metals : — 

These compounds belong to the 11th family of organic 
bodies, and have been treated of at p. 202. 

lY. Organo- compounds of tetrad metals : — 

Stanrdc methide SnMe^. 

Stannic iodotrimethide SnMegl. 

Stannic iododimethide SnMejI^. 

Hypostannic ethide 'Sn"'2Etg. 

Stannic ethylodimethide SnEtaMe^. 

Stannic phenyl-triethide SnPhEtj. 

Stannic ethophenyl-dichloride SnPhEtC]^. 

Hypostannic ethodiiodide ^Sn'^jEt^Ia. 

Perplumbic ethide PbEt^. 

Perplumbic chlorotriethide PbEtjCl. 

V. Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been abeady treated of at pp. 211 and 214. 
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Aoetamide, 206. 


Acic 


Acetic series of acids, 114. 




„ series of acids, relations of, to 


,« 


acrylic series, 132. 




„ series of acids, relations of, to 




lactic series, 142. 


ff 


Acetic series, relations of succinic 




series to, 162.| 




Acetone, 187. 


»» 


„ diethylated, 187. 




„ dimethylated, 187. 




„ ethylated, 186. 


n 


„ methylated, 187. 




Acetyl, 25. 




Acetylene, 21. 




„ series of radicals, 21. 




Acetylic chloride, 125. 




„ nitride, 210. 




Acetylide of copper, 23. 




Acid, acetic, 123. 




„ aceto-lactic, 135, 137. 




„ acetohic, 150. 




„ aconitic, 178. 




„ acryUc, 81, 111, 133. 




„ adipic, 160. 




„ alizaric, 177. 




„ alpha-cymic, 155. 




,, alpha-toluylic, 155. 




„ alpha-xylic, 155. 




„ amidocaproio, 150. 




„ amidodinitrophenylic, 69. 




„ anchoic, 160. 




„ angelic, 130. 




„ anisic, 156. 




„ anthraflayic, 177. 




„ anthraqninonic, 176. 




„ aposorhic, 84. 




„ arachidio, 116. 




„ atropic, 156. 




„ behenic, 116. 




„ benzenic, 155. 




„ benzoic, 155, 157, 180. 




„ brassic, 130. 




„ bromotricarballylic, 178. 


»» 



bromphenylic, 69. 
butyric, 126. 

cacodylic, 206, 214, 233, 234. 
capric, 116. 
caproio, 115. 
caprylic, 115. 
carbolic, 67. 
carbomethylic, 144. 
cerotic, 116. 
chloropropionic, 147. 
cimicic, 130. 
cinnamic, 155. 
citraconic, 166. 
citric, 178. 
collinic, 155. 
convolvulinoleic, 151. 
cresotic, 156. 
crotonic, 130. 
p crotonic, 131. 
cuminic, 155. 
cyanic, 32. 
cyanuric, 32. 
damaluric, 130. 
damoHc, 130. 
desoxalio, 179. 
dextrotartaric, 173. 
diamylacetic, 129. 
dibromosuccinic, 168. 
dichloracetic, 124. 
dichlorphenylic, 69. 
diethaoetic, 129. 
diethoxaUc, 138. 
dimethacetic, 128. 
dimethoxalic, 138, 150. 
dinitrophenylio, 69. 
disulphanthraquinonio, 176. 
doeglic, 130. 
elai'dic, 130. 
erucic, 130. 
erythric, 76. 
ethacetic, 126. 
ethomethoxalic, 138. 
ethylcrotonic, 131. 
ethylglycollic, 150. 
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ethjl-lactic, 137. 
formic, 121. 
fulminuric, 32. 
fumaric, 166. 
gaidic, 130. 
gallic, 157. 
glyceric, 80, 152. 
glycoUamic, 157. 
glycoUic, 71, 91, 136. 
glyoomalic, 173. 
gljoxalic, 151. 
glyoxylic, 152. 
hemimellitic, 180. 
hexabydrophthaliCy 175. 
hippuric, 157. 
homolactic, 145. 
homotartaric, 173. 
hysenasic, 116. 
hydrocyanic, 27, 49. 
hydroferrocyanic, 31. 
hypogseic, 130. 
isobUtyric, 128. 
isochloropropionic, 149. 
isodibromosucdiiic, 168. 
iBomaleic, 166. 
isophthalic, 180. 
ifiopropaoetic, 115, 127. 
isosuccinic, 166. 
itaconic, 166. 
itatartaric, 171. 
ialapinoleic, 151. 
lactamic, 109, 147. 
lactic, 109, 143, 147, 148. 
IsBYOtartaric, 174. 
lauric, 116. 
lecanoric, 76. 
leucic, 136. 
maleic, 166. 
malic, 164, 172. 
malonic, 148, 160. 
mannitic, 84. 
margaric, 116. 
melissic, 116. 
mellitic, 179. 
mellophanic, 180. 
mesaconic, 166. 
metagallic, 83. 
metatartaric, 174. 
methacetic, 125. 
methacrylic, 131. 
methethacetic, 127. 
methylcrotonic, 131. 
methylglyoollic, 137, 145. 
metbyl-lactic, 135. 
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monochloraoetic, 124. 
monomethylarsenic, 214, 233, 

234. 
moringic, 130. 
mucic, 84. 
myristicj 116. 
nitrophenylic, 69. 
oenanthyllc, 115. 
oleic, 134. 
orsellinic, 76. 
oxalic, 34. 
oxamie, 35. 
oxybutyric, 136. 
oxymethyl-phenylformic, 156. 
palmitic, 116. 
paralactic, 139, 145. 
paraleucic, 139. 
paraphloretic, 156. 
pelareonic, 115 
perchlorphenylic, 69. 
phenoic, 155. 
phenomalic, 81. 
pbenylic, 68. 
phthalic, 180. 
physetoleic, 130. 
picramic, 69. 
picric, 69. 
pimelic, 160. 
prehnitic, 180. 
propionic, 125. 
propylacetic, 127. 
pyroitauric, 171. 
pyromellitic, 179, 180. 
pyrotartaric, 160, 171. 
pyroterebic, 130. 
pyruvic, 151. 
racemic, 174, 
ricinoleic, 151. 
roocellic, 160. 
saccharic, 84. 
salicylic, 156. 
sebacic, 160. 
silicopropionio, 220. 
stearic, 116. 
suberic, 160. 
succinethylic, 189. 
succinic, 163. 
sulphamylic, 88. 
sulphomethylic, 87, 99. 
sulphovinic, 88. 
tannic, 158. 
tartaric, 83, 173. 
tartaric (inactive), 174. 
tartronic, 80, 172. 
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Acid, tartrophtihalic, 176. 
terephthalic, 180. 
tetrahjdrophthalic, 176. 
thrmotic, 156. 
toluylic, 155. 
tricarbaUylic, 177, 178. 
trichloracetic, 124. 
trichlorphenylic, 69. 
trimellitic, 180. 
trimesic, 180. 
trimethaoetic, 129. 
trinitro-orcinic, 76. 
trinitrophenylio, 69. 
valerianic, 126. 
yaleric, 126. 

valeric (isomeric forms), 126. 
valerolactic, 136. 
xylic, 155. 
Adds, acetic or £&ttj series of, 114. 
aoetoid series of, 159. 
acrylic series of, 130. 
benzoic or aromatic series of, 

153. 
classification of, 113. 
derivation of, from alcohols, 

113. 
dibasic, 158. 

dibasic, formation of, 158. 
dibasic, reactions of, 158. 
dibasic, fumaric or acryloid 

series of, 166. 
dibasic, other series of, 175. . 
dibasic, succinic or acetoid 

series of, 159. 
dibasic, tartaric or glyoxyloid 

series of, 173. 
fumaric or acryloid series of, 
166. 
„ elyoxylic series of, 152. 
„ nexabasic, 179. 
lactic series of, 134. 
lactic series of, classification 

of, 135. 
lactic series of, definition of, 

134. 
lactic series of, relations to 

acetic series, 142. 
lactic series of, relations to 

acrylic series, 142. 
law of basicity of, 113. 
malic or lactoid series of, 172. 
„ monobasic, 113. 

normal fatty, ascent of the 
series, 121. 
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Acids, normal fatty, formation of, 
117. 

normal fatty, relations of, to 
GnH2n+ iHo alcohols, 120. 

normal fatty, relations of, to 
CnH2n+i radicals, 119. 

normal fatty, relations of, to 
each other, 121. 
„ normal, of acetic series, 115. 

norma], of acrylic series, 130. 

normal, of acrylic series, for- 
mation of, 131. 

normal of fatty s^es, forma- 
tion of, 117. 

normal, of fattv series, occur- 
rence of, llo. 

normal, of lactic series, forma- 
tion of, 141. 

of acrylic series, relations of, 
to acetic series, 132. 

of lactic series, isomerism of, 
143. 

olefine, of acrylic series, 131. 

olefine, of acrylic series, for- 
mation of, 132. 

olefine, of la<;tic series, forma- 
tion of, 141. 

oleic series of, 130. 

organic, 112. 

pyruvic series of, 151. 

secondary fatty, 128. 

secondary, of acrylic series, 
131. 

secondary, of acrylic series, 
formation of, 131. 

secondary of lactic series, 
137. 

secondary, of lactic series, for- 
mation of, 141. 
„ snccinic series of, 159. 
„ succinic series of, relations to 

acetic series, 162. 
„ succinic series of, relations to 

dyad radicals, 161. 
„ succinic series of, relations to 
lactic series and to glycols, 
161. 
„ tertiary fatty, 129. 
„ tetrabasic, 179. 
„ tribasic, 177. 

tribasic, aconitic or acryloid 
series, 177. 

tribasic, citric or lactoid series, 
178. 
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Acids, tribasie, trioarballylio or aoe- 

toid series, 177. 
Acridine, 200. 
Acrolein, 80, 110. 
Acryl 25. 

Acrjlio series of acids, 130. 
Acrylic series of acids, relations of, 

to lactic series, 142. 
Acrrloid or famaric series of acids, 
166. 

series of acids, isomerism 
in, 166. 
Alanin, 109, 147. ^ 
Alcohol, allylic, 65. 

amjlic, 52, 60. 

benzrlic, 67. 

butjlic, 52, 59. 

caproylic, 52. 

caprylic, 53. 

oerotic, 53. 

cetylic, 53. 

cresylio, 67, 70. 

cumylic, 67. 

decatylic, 53. 

dimethylphenylic, 67. 

ethylenic, 71. 

ethylio, 52, 57. 

heptylic, 53. 

hexylio, 52. 

isamylic, 52. 

isobutylio, 52. 

isopropylic, 60. 

meiissic, 53. 

methylio, 52, 56. 

nonyUo, 53. 

octylic, 53. 

oenanthylic, 53. 

pentab^dric, 84. 

pentylic, 52. 

phenylic, tertiary, <57, 68. 

phenylic, substitution pro- 
ducts of, 69. 

propylic, 52, 59, 62. 

pseudamylic, 52. 

pseudobutylic, 62. 

pseudohexylic, 60. 

stanntriethylio, 231. 

sulphur, 59. 

sycocerylic, 67. 

tetrahydrio, 83. 

tetrylic, 52. 

thymylic, 67. 

vinylic, 64. 

xylylic, 67. 
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Alcoholates, 58. 
Alcohols, 49. 

dihydric, 51. 

dihydric, glycol series, 70. 
dihydric, orcin series, 74. 
monohydrio, 50, 52. 
monohydric, methyl series, 

52. 
monohydric, methyl series, 

normal, .52. 
monohydric, methyl series, 

secondary, 52, 60. 
monohydric, methyl series, 

tertiary, 52, 62. 
monohydric, phenyl series, 

66. 
monohydric, phenyl series, 

normal, 66, 67. 
monohydric, phenyl series, 

tertiary, 67. 
monohydric, vinyl series, 

63. 
polyhydric, 83. ' 

relations of, 53. 
relations of, to fatty acids, 

120. 
secondary, oxidation of, 

62. 
trihydric, 51. 
trihydric, glycerin series, 

77. 
trihydric,pyrogallic series, 

81. 

Aldehyde, acetic, 108. 
acrylic, 110. 
benzoic. 111. 
butyric, 106. 
„ capric, 108. 
cuminic, 111. 
euodic, 108. 
formic, 108. 
lauric, 108. 
oenanthic, 108. 
palmitic, 108. 
propionic, 108. 
salicylic, 156. 
yaleric, 108. 
Aldehydes, 105. 

definition of, 105. 

derived from the 
G„H2n+iHo alcohols, 
108. 

from the C»Han-iHo al- 
cohols, 110. 
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Aldehydes from the CnH2» 7H0 al- 


Anhydride, butyric, 182. 


cohols, 111. 


„ oaproic, 183. 


„ preparation of, 105. 


„ caprylic, 183. 


„ reactions of, 107. 


lactic, 183. 


Alizarin, 176. 


„ oenanthylic, 183. 


Alkalamides, 209. ' 


„ palmitic, 183. 


„ constitution of, 209. 


„ pelargonic, 183. 


Alkaloids, artificial, 191. 


„ propionic, 182. 


„ from cinchona, 201. 


„ silico-formic, 218. 


„ from nightshade, 202. 


„ succinic, 184. 


„ from nux vomica, 202. 


„ valeric, 182. 


„ from opium, 201. 


Anhydrides, 181. 


, , from tea, coffee, and cocoa. 


„ conversion into acids, 


202. 


182, 183. 


„ from tobacco, 202. 


„ definition of, 181 . 


„ the natural, 201. 


„ of the dihydric dibasic 


AUyl, 13. 


acids, 184. 


Allylamine, 192. 


„ of the dihydric mono- 


Allylene, 21. 


basic acids, 183. 


Allvlic iodide, 79, 94. 


, , of the monohy dric mo- 


'„ sulphide, 66. 


nobasic acids, 182. 


„ sulphocyanate, 66. 


Aniline, 191. 


Aluminic ethide, 226. 


Aniline blue, 198. 


Amarine, 200. 


„ violet, 198. 


Amides, 190, 205. 


Anthracene, 176. 


„ definition of, 205. 


Anthraquinone, 176. 


Amines, 191. 


Antimonic acids, organic, 215. 


„ classification of, 191. 


Antimony, organic compounds of. 


„ diacid salts of, 213. 


190. 


„ monacid salts of, 213. 


Arbutin, 75. 


„ normal salts of, 212. 


Aricine, 201. 


„ salts of, 212. 


Aromatic series of acids, 153. 


Ammonia-boric ethide, 218. 


Arsenic acids, organic, 214. 


„ methide, 216. 


Arsenic, organic compounds of, 190. 


Ammonia type, 4, 5. 


Arsenic oxydichlormethide, 214. 


Ammonic chloride type, 4, 5. 


„ oxytriraethide, 233, 234. 


Amoxyl, 5. 


„ tetrachlormethide, 214. 


Amyffdalin, 112. 
Amyl, 11. 


„ trimetho-dichloride, 214. 


„ trimethoxide, 214. 


Amylamine, 192. 


Arsenioiis oxybases, 204. 


Amyl benzol, 14. 


Arsine triethyl, 204. 


Amylene, 17. 


„ trimethyl, 204. 


Amylenic chloride, 103. 


Arsines, 190, 202. 


„ bromide, 103. 


„ salts of, 214. 


„ oxide, 90. 


Ascent of the alcohol series, 55. 


Amyl glycerin, 78. 


Atropine, 202. 


Amylic iodide, 102. 


Azobenzol, 48. 


Amylide, zincic, 234. 




Amyl toluol, 14. 


Bases, caustic antimony, 211. 


„ xylol, 15. 


„ caustic arsenic, 211. 


Anhydride, acetic, 182. 


„ caustic nitrogen, 211. 


„ acetobenzoic, 183. 


„ caustic phosphorus, 211. 


„ benzoic, 183. 


„ imidogen, 193. 
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Bases, organic, 191. 

„ oxyantimonic, 212. 

„ oxyarsenic, 211. 
Benzamiae, 206. 
Benzene, 44. 
Benzine, 44. 

Benzoic series of acids, 153. 
Benzol, 42, 44. 

„ bromocompounds of, 45. 
„ chlorocompounds of, 47. 
„ substitution deriyatives of, 
43. 
Benzonitrila, 154. 
Benzophenone. 188. 
Benzoyl, hydride of, 111. 
Benzyl, 14. 
Betaorcin, 74. 
Bicarburet of hydrogen, 44. 
Bismuthines, 190, 202. 
Bismuthine triethyl, 204. 
Boric diethocbloride, 217. 

„ ethide, 217. 

„ etho-diethylate, 218. 

„ etho-dihydrate, 218. 

„ methide, 216. 
Bromacetylene, 24. 
Bromethylene, 103. 
Bromhydrin, 104. 
Brucine, 202. 
Butoxyl, 5. 
Butyl, 11. 
Butylamine, 192. 
Butylene, 17. 
Butylenic bromide, 103. 
„ chloride, 103. 
Butylic iodide, 83. 
Butyrone, 187. 

Cacodyl, 205. 
Cacodylic acid, 205, 214. 
chloride, 205. 
oxide, 205. 
trichloride, 214. 
Caffeine, 202. 
Caproyl, 11. 
Caprylene, 18. 
Carbinol diethyl-propyl, 62. 

dimethyl, 60. 

dimethyl-ethyl, 62. 

dimethyl-isopropyl, 62. 

dimethyl-propyl, 62. 

methyl-butyl, oO. 

methyl-diethyl, 62. 



M 



it 



it 



it 



ft 



if 



»» 



ii 



ft 



II 



II 



»» 



Carbinol methyl-ethyl, 60. 
methyl-hexyl, 60. 
methyl-isopropyl, 60. 
methyl-nonyl, 60. 
methyl-propyl, 60. 
triethyl, 62. 
trimethyl, 62. 
Carburetted hydrogen, light, 39. 
Caustic antimony bases, 211. 
arsenic bases, 211. 
nitrogen bases, 211. 
phosphorus bases, 21 1 . 
Cerotene, 18. 
Cetene, 18. 
Chloraoetamide, 206. 
Chloral, 110. 

„ alcoholate, 110. 
„ hydrate, 110. 
Chloranil, 76. 
Chloraniline, 210. 
Chlorether, 228. 
Chlorhydrate, ethylenic, 95. 
Chlorhvdrin, 95, 104. 
Chloride, methylic, 101. 
Chlorine, action of. on the radicals 

of the ethylene series, 18. 
Chloro-oompounds of benzol, 47. 
Chloroform, 100. 
Chloropropionylic chloride, 142. 
Chrysaniline, 199. 
Cinchonine, 201. 
Citramide, 209. 

Citryl-triphenyl-triamide, 209. 
Classification of organic compounds, 

8. 
Codeine, 201. 
Collidine, 194. 
Compound organic radicals, 9. 

negatiye radicals, hy- 
drides of, 37, 49. 
oxamides, 36. 
positive radicals, hy- 
drides of, 37. 
Compounds, organic, definition of. 

Condensed diadelphic type, 5. 

Conine, 193. 

Constituents of organise compounds, 

Crotonylene, 21. 
Cryptopine, 20L 
Cumol, 42. 
Cuprosovinylic ether, £3. 
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Cyamelide, 32. 
Cyanethine, 201. ' 
Cyanic hydride, 49. 
Cyanides, double, 29. 

„ easily decomposable, 30. 

„ single, 29. ' 
Cyanmethine, 201. 
Cyanogen, 26, 27. 

„ chlorides of, 32. 
Cymol, 42. 



Definition of compound organic ra- 
dicals, 2. 
„ organic compounds, 1. 

Derivatives of glycol, 72. 
Derivatives, substitution, of benzol, 

45. 
Development of formulfis, 6, 7, 8. 
Diacetic glycol, 189. 
Diacetimide, 207. 
Diacetin, 189. 
Diadelphic type, 4, 5. 
Dialkalamides, 209. 
Diamides, 207. 

constitution of, 207. 
formation of primary, 

208. 
primary, 208. 
secondary, 208. 
„ tertiary, 208. 
Diamines, 191, 195. 

formation of, 195. 
monacid salts of, 213. 
normal salts of, 213. 
oxides of, 196. 
primary, 195. 
secondary, 195. 
tertiary, 195. 
Dibasic acids, 158. 

anhydrides of, 184. 
fumaric or acryloid 
series of, 166. 
Dibrombenzol, 45. 
Dibutylamine, 193. 
Dibutyraldine, 200. 
Dichloraniline, 210. 
Dichlorbenzol, 47. 
Dichlorhydrin, 96, 104. 
Dichlorinated methylic chloride, 

100. 
Dichlorinated methylic ether, 87. 
Diethylamine, 193. 
Diethylammonic iodide, 193. 
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Diethylated acetone, 187. 

„ ethylic ether, 228. 

Diethylbenzol, 43. 
Diethylene triammonic dichloride, 
213. 
triammonic monochlo- 

ride, 213. 
triammonic trichloride, 
213. 
Diethyl oxamide, 209. 
Diethylphosphonic zincic iodide, 

202. 
Diethyl urea, 197. 
Dihydric alcohols, 70, 74. 
Dimethylamine, 193. 
Dimethylaniline, 195. 
Dimethylated acetone, 187. 
Dimethylcumidine, 195. 
Dimethylcymidine, 195. 
Dimethyloxamide, 36. 
Dimethylphenylammonic chloride, 

194. 
Dimethyltoluidine, 195. 
Dimethyltolylammonic chloride, 

194. 
Dimethylxylidine, 195. 
Dinitrobenzol, 49. 
Diphenyl-carbonyl-oxalyl diamide, 

Diphenyloxamide, 36. 
Diphenyl rosaniline, 198. 
Disilicic hexachloride, 219. 
Disilicic oxy-hexaethide, 220. 
„ oxy-hexaethylate, 220. 
„ oxy-hexamethylate, 219. 
Double cyanides, 29. 

„ monadelphic type, 5. 
Dyad positive radicals, 9, 16, 21, 24. 
„ action of chlo- 

rine on, 18. 
haloid ethers 

of, 102. 
reactions of 
ethylene se- 
ries of, 18. 

i ' 

Elaldehyde, 109. * 
Epichlorhydrin,.9(j, 105. 
Erythrite. 83. 
Erythroglucin, 83. 
Erytliromannite, 83. 
Ether, 85. 

allylic, 89. 
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Ether amylic, 86. 
benzylic, 89. 
butylic, 86. 
cuproBovinylic, 23. 
diethylated ethylic, 228. 
dimethacetic, 128. 
disodacetic, 128. 
etbylenic, 90. 
etbylic, 85, 87. 
etbylic amylic, 86. 
ethylic butylic, 86. 
glycylie, 93. 
metbylic, 85, 87. 
metbylic amylic, 85. 
metbylic etbylic, 85. 
monosodacetic, 121. 
pbenylic, 89. 
pbenylbenzyl, 90. 
stanntrietbylic, 231. 
Bulpbometbylic, 190. 
sulphuric, 87. 
trimetbacetic, 129. 
Ethers, 85. 

formation of, 86. 

haloid, 93. 

haloid, of the dyad positiye 

radicals, 94, 102. 
haloid, of the monad positive 

radicals, 93, 96. 
haloid, of the triad positiye 

radicals, 95, 104. 
of the dihydric alcohols, 85, 

90. 
of the methyl series, 85. 
of the monohydric alcohols, 

85. 
of the phenyl series, 89. 
of the tribydric alcohols, 85, 

93. 
of the vinyl series, 89. 
Ethereal salts, 18^. 

salts, decomposition of, 190. 
salts, definition of, 188. 
salts of dihydric alcohols, 

189. 
salts of dibasic acids, 189. 
salts of dibasic acids, acid, 

189. 
salts of dibasic acids, normal, 

189. 
salts of monobasic acids, 189. 
salts of monohydric alco- 
hols, 189. 



a 
II 
If 
II 
II 
It 
>» 
II 
II 
ti 
II 
ti 
II 
II 
II 
II 
II 
II 
II 
»i 



II 
11 
II 

II 

II 

II 

II 
II 

II 
II 

II 



II 



II 



II 



II 



II 



II 



11 



II 



II 



II 



II 



II 



II 
II 
II 
II 
II 
II 
II 
If 
II 
II 
II 
It 
II 



Ethereal salts of tribasic acids, 189. 
salts of tribasic acids, acid, 

189. 
salts of tribasic acids, nor- 
mal, 189. 
salts of tribydric alcohols, 

189. 
salts, production of, 188. 
Ethide, boric, 217. 

hypostannic, 230. 
lithiomercuric, 234. 
lithiozincic, 234. 
magnesic, 234. 
mercuric. 225. 
perplumbic, 231. 
potassic, 232. 
potassio-zincic, 234. 
sodio-zincic, 234. 
stannic, 225. 
stannous, 230. 
tellurium, 231. 
zincic, 225. 
Ethobromide, mercuric, 229. 
Ethodimethide, stannic, 230. 
Ethodiniodide, hypostannic, 230. 
Ethohydrate, mercuric, 230. 
Ethonitrate, mercuric, 234. 
Ethoiyl, 5. 
Ethyl, 11, 12. 
Ethyl acetamide, 209. 
acetone, 187. 
acetyl, 187. 
butyral, 187. 
diacetamide, 209. 
propionyl, 187. 
urea, 196. 
Ethylamine, 99, 192. 
Ethylammonic chloride, 212. 

„ iodide, 99. 

Ethylamylamine, 193. 
Ethylated acetone, 187. 
Ethylene, 16, 20. 

andethylidene compounds, 

isomerism of, 19, 146. 
compounds, 18. 
diamine, 197. 
Ethylene-diammonic dibromide,196. 

dichloride,213. 
monochloride, 

213. 
oxide, 196. 
Ethylene diethyl diamine, 197. 
series, 16. 
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Ethylene series of radicals, action 
of chlorine on, 18. 
„ . series of radicals, prepara- 
tion of, 16. 
Ethylenic bromide, 103. 
chloride, 102. 
chlorhydrate, 95, 102. 
cyanide, 104. 
dichloride, 95. 
etJier, 90. 
iodide, 103. 
iodhydrate, 102. 
nitrile, 104. 
oxide, 90. 

oxide, isomers of, 91. 
oxide, reactions of, 91. 
Ethylic acetate, 189. 
„ borate, 217. 
chloride, 101. 
a cyanpropionate, 166. 
/3 cyanpropionate, 165. 
„ diethaceto-acetate, 186. 
„ diethoxalate, 229. 
„ disodacetate, 185. 
„ disodacetoacetate, 186. 
„ ethacetoacetate, 186. 
„ ether, 90. 

ethylozincic diethoxalate,229. 
iodide, 101. 
„ sodacetoacetate, 186. 
succinate, 189. 
sulphhydrate, 59. 
„ sulphide, 89. 
„ trisodacetate, 186. 
Ethylidene and ethylene compounds, 
isomerism of, 19, 146. 
compounds, 19. 
cyanhydrate, 147. 
dichloride, 109. 
Ethylochlorether, 228. 
Ethylo-zincic dinitroethylate, 229. 
„ ethylic diethoxalate, 

229. 
Ethyl-phenyl, 43. 
Ethyl-phenylamine, 193. 
Ethyl-phenylammonic iodide, 193. 
Ethyl-xylol, 43. 

Fatty acids, normal, 115. 

acids, secondary, 128. 

acids, tertiary, 129. 

series of acids, 114. 
Ferricyanide, potassic, 31. 
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Ferrocyanide potassic, 30. , 

Fire-damp, 39. 

Formulae, development of, 6. 

„ graphic, of organic com- 
pounds, 7. 
Formyl, 25. 

Formyl-diphenyl diamine, 98. 
Fumaric or acr^loid series of adds, 
166. 
series of acids, isomerism 
in, 166. 
Furfurine, 200. 

Gtiultheria procumbens, oil of, 56. 
Glucose, 84. 
Glycerin, 77, 78. 

relations of, 79, 80, 81. 
Glycol, acetobutyric, 73. 
amylic, 70- 
bromethylic, 72. 
bromhydric, 72. 
butylic, 70. 
chlorhydric, 72, 102. 
cyanhydric, 148. 
derivatives of, 72. 
diaoetic, 71, 189* 
diethylenic, 73. 
diethylic, 72. 
disodic, 72. 
ethylic, 71. 
hexethylenic, 73* 
hydric ethylic, 72. 
iodhydric, 102. 
monacetic, 72, 103, 189. 
monosodic, 72. 
pentethylenic, 73. 
propylic, 70. 
sulphur, 72. 
tetrethylenic, 73. 
triethylenic, 73. 
GlycoUic acetobromide, 72. 
Glycols, 70. 

polyethylenic, 73. 
relations of succinic series 
to, 161. 
Glycolyl, 25. 
Glyoxal, 152. 
Glyoxyloid series of dibasic acids, 

173. 
Graphic formulae of organic com- 
pounds, 7. 
Guanidine, 200. 
Guanine, 200. 
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Haloid oompounds of oxrbases, 190, 
210. 
ethers, 93. 
ethers of the dyad positive 

radicals, 94, 102. 
ethers of the monad positiye 

radicals, 93. 
ethers of the triad positive 
radicals, 95, 104. 
Heptylene, 18. 
Hexjlene, 17. 
Hofmann*s violet, 199. 
Homopyrocatechin, 74. 
Hydrazobenzid, 48. 
Hydride, amylic, 39, 41. 
butylic, 39. 
caproylic, 39. 
cyanic, 49. 
decatylic, 39. 
dodecatylic, 39. 
endecatylic, 39. 
ethylic, 39, 40. 
heptylic, 39. 
hexylic, 39. 
methylic, 39. 
nonylic, 39. 
octylic, 39. 
oxatylic, 49. 
pentadecatylic, 39. 
pentylic, 39. 
phenylic, 44. 
propylic, 39. 
tetradecatylic, 39. 
tetrylic, 39. 
tridecatylic, 39. 
tritylic, 39. 
Hydrides of compound negative ra- 
dicals, 37, 49. 
of compound positive ra- 
dicals, 37. 
of the radicals of the me- 
thyl series, 37. 
of the radicals of the me- 
thyl series, preparation 
of, 38. 
of the radicals of the phe- 
nyl series, 42. 
Hydrochloric glycide, 96, 105. 
Hydrocotarnine, 201. 
Hydrogen, bic€u*buret of, 44. 
Hydroquinone, 75. 
Hydrosulphate of ethyl, 59. 
Hypostannic ethide, 230. 
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Hypostannic ethodiiodide, 230. 

Imides, 190, 210. 

„ general formula of, 210. 
Imidogen bases, 193. 
Introduction to organic chemistry, 

1. 
Iodide, phosphonic, 202. 
lodhydric glycol, 102. 
lodhvdrin, 93. 
lododiethide, stannic, 230. 
lodotriethide, stannic, 230. 
Isobutylene, 17. 
Isomeric forms of valeric acid, 

126. 
Isomerism in fumaric or acryloid 
series, 160. 
,, in the lactic series, 143. 
„ of ethylene and ethyli- 

dene, 146, 168. 
Isopropylic alcohol, 61. 
iodide, 79. 
nitrile, 128. 
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Ketones, 184. 

„ formation of, 185. 
„ isomerism of, 187. 
list of. 187. 
Ketones of the CnH2n-7 series, 
188. 

Lactic series of acids, relations of, to 
acetic series, 142. 
,, series of acids, relations of, to 

acrylic series, 142. 
„ series of acids, relations of 
succinic series to, 161. 
Lactide, 183. 

Lactoid series of dibasic acids, 172. 
Lactyl, 25. 
Laudanosine, 201. 
Lead. 

Perplumbic chlorotriethide, 
231. 
ethide, 231. 
triethohydrate, 
231. 
Leucin, 150. 
Leukaniline, 199. 
Light carburetted hydrogen, 39. 
Lithiomercuric ethide, 234. 
Lithiozincic ethide, 234. 
Lutidine, 194. 
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Magenta, 198. 

Magnetic ethide, 234. 

Malic series of acids, 172. 

Malonyl, 25. 

Mannite, 84. 

Marsh-gas, 39. 

Marsh-gas series, hydrides of, 37. 

type, 4. 
Mauveine, 198. 
Meadow-sweet, oil of, 156. 
Melene, 18. 

Mendius's reaction, 55. 
Mercaptan, 59. 
Mercury. 

Mercuric amylide, 226. 

ethide, 225, 234. 
ethiodide, 225. 
ethohromide, 229. 
ethohydrate, 230. 
ethonitrate, 234. 
iodethide, 232. 
methide, 229, 234. 
methiodide, 229, 234. 
methohydrate, 230. 
naphthide, 226. 
Organo- compounds, 225, 229, 
232 

Metaldehyde, 109. 
Methide, aluminic, 232. 
boric, 216. 
mercuric, 234. 
potassio-zincic, 234. 
tellurium, 234. 
zincic, 228, 234. 
Methoxyl, 5. 
Methyl, 11. 
Methyl acetone, 187. 
benzol, 188. 
benzoyl, 188. 

series, hydrides of the radi- 
cals of, 37. 
series of alcohols, 52. 
series, normal alcohols of, 

52, 53. 
series, secondary alcohols of, 

52, 60. 
series, tertiary alcohols of, 

52, 62. 
series, normal radicals of, 10. 
series, preparation of normal 

radicals of, 11. 
series, secondary radicals of, 
10. 
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Methyl series, tertiary radicals of, 
10; 
„ type, 4. 
„ valeral, 187. 
Methylamine, 192. 
Methylated acetone, 187. 
Methylenic chloride, 102. 

„ iodide, 102. 

Methylethylamine, 193. 
Methylethyl-phenylamine, 194. 
MethyHc borate, 215. 
„ chloride, 99. 
„ chloride, dichlorinated, 

100. 
ff chloride, monochlorinated, 

100. 
„ chloride, trichlorinated, 
100. 
iodide, 102. 
nitrile, 119. 

oxide {Methylic ether\ 87. 
Methylo-zincic dinitromethylate, 

229. 
Methylphenyl, 42. 
Methylphenylammonic chloride, 

194. 
Methyl xylol, 43. 
Monacetic glycol, 189. 
Monacetin, 189. 
Monad positive radicals, 10. 

„ positive radicals, haloid 
ethers of, 93, 96. 
Monadelphic type, 4, 5. 
Monalkalamides, 209. 
Monamides, 206. 

formation of primary, 

206. 
primary, 206. 
reactions of primary, 

207. 
secondary, 207. 
tertiary, 207. 
Monamines, 191. 

formation of primary, 

191. 
formation of secondary, 

193. 
formation of tertiary, 

193. 
methyl series of primary, 

191. 
methyl series of secon- 
dary, 192. 
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Monamines, phenyl series of pri- 
mary, 191. 
phenyl series of secon- 
dary, 192. 
primary, 191. 
reactions of primary, 

192. 
recognition of primary, 

195. 
recognition of secon- 
dary, 195. 
recognition of tertiary, 
195. 
„ secondary, 191, 192. 

tertiary, 191, 19a 
„ vinyl series of primary, 

191. 
vinyl series of secon- 
dary, 192. 
Monobasic acids, anhydrides of, 182, 
183. 
„ organic acids, 113. 
Monobrombenzol, 45. 
Monobromorcin, 76. 
Monoohlorbenzol, 47. 
Monochlorhydrin, 79. 
Monochlorinated methylic chloride, 

100. 
„ propylic glycol, 

79. 
Monohydric alcohols, 52, 63, 66. 
„ alcohols, secondary, 

60. 
alcohols, tertiary, 62, 

67. 
alcohols, normal, of the 
phenyl series, 66. 
„ alcohols of the phenyl 

series, 66. 
„ alcohols of the vinyl 

series, 63. 
Monomethylarsenic acid, 214, 233. 
Morphine, 201. 

Narceine, 201. 
Narcotine, 201. 
I^atural alkaloids, 201. 
Negative compound radicals, hy- 
drides of, 49. 
„ organic radicals, 9, 25. 
Nicholson's yellow, 199. 
Nicotine, 202. 
Nitraniline, 49. 
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Nitrides, general formula of, 210. 

,, negative, 210. 
Nitrile, ethylenic, 104. 
„ isopropylic, 128. 
„ methylic, 119. 
Nitriles, preparation of, 97. 
Nitrobenzol, 43, 47. 
Nitrocumol, 43. 
Nitrocymol, 43. 
Nitrogen, caustic bases of, 211. 

compounds of triad, and 

its analogues, 190. 
compounds of pentad, and 

its analogues, 211. 
organic compounds of, 190. 
Nitropentol, 43. 
Nitrotoluol, 43. 
Nitroxylol, 43. 
Nonylene, 18. 
Normal acids, 114. 

acids of theacrylic series,130. 
acids of the lactic series, 135. 
fatty acids, 115. 
monohydric alcohols of phe- 
nyl series, 66, 67. 
olefine acids of the lactic 

series, 139. 
radicals of methyl series, 11. 
radicals of methyl series, 
preparation of, 11. 
„ salts of amines, 213. 

Octylene, 18. 

(Enanthylene, 18. 

Oil of bitter almonds. 111. 

„ of Gaultheria procumbens, 56. 
Olefine type, 5. 
Oleic series of acids, 130. 
Orcein, 77. 
Orcin, 76, 77. 
Organic antimonic acids, 215. 

arsenic acids, 214. 

arsenic chlorides, 214. 

arsenic oxychlorides, 214. 

bases, 191. 

compounds, definition of, 1. 

compounds, classification of, 
8. 

compounds, elements con- 
tained in, 1, 2. 

compounds, graphic for- 
mulse of, 7, 8. 

compounds, notation of, 3. 
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Organic radicals, 3. 

,» radicals, compound, defini- 
tion of, 2. 
radicals, negatiye, 9. 
radicals, positive, 9. 
Organo-aluminic compounds, 232. 
antimony compounds, 233. 
arsenic compounds, 233. 
bismuth compounds, 233. 
boron compounds, 215. 
boron compounds, definition 

of, 215. 
cadmium compounds, 232. 
lead compounds, 231 . 
magnesium compounds, 232. 
mercury compounds, 229. 
potassium compounds, 227. 
silicon compounds, 215, 

218. 
sodium compounds, 227. 
tellurium compounds, 231. 
tin compounds, 230. 
zinc compounds, 227, 232. 
Organometallic bodies, 223. 

bodies, constitution 

of, 231. 
bodies, definition of, 

223. 
bodies, formation of, 

225. 
bodies, reactions of, ' 

227. 
bodies, types of, 232. 
Oxamide, 36, 208. 
Oxamides, compound, 36. 
Oxatyl, 26, 32. 
Oxatylic hydride, 49. 
Oxyantimonic bases, 212. 

„ bases, salts of, 214. 

Oxyarsenic bases, 211. 

„ bases, salts of, 214. 
Oxybases, 190, 204. 

„ arsenious, 204. 
„ haloid compounds of, 190, 
210. 
Oxyphenol, 74. 

Fapayerine, 201. 
Paraffin, 41. 
Paraldehyde, 109. 
Paramylene, 18. 
Parvoline, 194. 
Pentol, 42. 
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Perchlorinated methylic ether, 87. 

Phenyl, 15. 

Phenyl series, ethers of, 89. 

series, hydrides of the radi- 
cals of, 42. 
series, monohydric alcohols 

of, 66. 
series, normal monohydric 

alcohols of, 66. 
series, radicals of, 14. 
series, tertiary alcohols of, 
67,68. 
Phenylamine, 192. 
Phenylene diethylic ketone, 188. 
„ series of radicals, 24. 
Phenyl formamide, 98, 154. 
Phenylic cyanide, 98. 
„ hydride, 44. 
„ iodide, 94. 
Phenyl rosaniline, 198. 
Phloroglucin, 81. 
Phlorol, 67. 

Phosphine, diethyl, 203. 
dimethyl, 203. 
ethyl, 203. 
methyl, 203. 
triethyl, 204. 
trimethyl, 204. 
Phosphines, 190, 202. 

primary, 202. 
salts of, 214. 
secondary, 202. 
tertiary, 203. 
Phosphonic iodide, 202. 
Phosphoric triethoxide, 204. 
Phosphorus, organic compounds of, 

Phthaiylic chloride, 188. 
Phycite, 83. 
Picoline, 194. 
Picroerythrin, 76. 
Pinite, 84. 
Piperidine, 193. 
Polyhydric alcohols, 83. 
Pofiitive compound radicals, hydrides 
of, 37. 
dyad radicals, haloid ethers 

of, 94, 102. 
monad radicals, haloid ethers 

of, 93, 96. 
organic radicals, 9. 
triad radicals, haloid ethers 
of, 95, 104. 
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Pot&ssinin. 

Fotassic cjauate, 29. 
etbide, 232. 
ferricyanide, 31. 
feiTOcyanide, 30. 
succinate, 104. 
sulphocranate, 32. 
Fotaasiozincic ethide, ^34. 
„ methide, 234. 

Propione, 187. 
Propoxyl, 5. 
Propyl, 11. 
Propylene, 17. 
Propylenic bromide, 103. 
chloride, 103. 
iodide, 103. 
oxide, 90. 
Propylic glycol, monoohlorinated, 

Propylic iodide, 94. 
Protopine, 201. 
Prussian blue, 31. 
Pseudobutylene, 17. 
Pseudorcin, 83. 
Pyridine, 194. 
Pyrocatechin, 74. 
Pyrogallin, 81, 82. 
Pyroxylio spirit, 66. 

Quercite, 84. 
Quinine, 201. 
Quinone, 75. 

Radicals, acetylene series of, 21. 

dyad positive, 16. 

dyad, relations of succinic 
series to, 161. 

haloid ethers of the dyad 
positive, 94, 102. 

hidoid ethers of the monad 
positive, 93, 96. 

haloid ethers of the triad 
positive, 95, 104. 

hydrides of positive com- 
pound, 37. 

monad positive, 10. 

monad, relations of, to 
fatty acids, 119. 

negative, hydrides of, 37, 
49. 

normal, of the methyl se- 
ries, 11. 



» 
»» 

it 

it 

>> 



if 



it 



it 



If 



»> 



M 



It 



It 



Radicals, normal, of the methvl se- 
ries, preparation oi, 11. 

of the phenylene series, 24. 

of the phenyl series, 14. 

of the phenyl series, hy- 
drides of, 42. 

of the vinyl series, 13. 

organic, 3. 

secondary, of the methyl 
series, 10. 

tertiary, of the methyl se- 
ries, 10. 

triad positive, 25. 
Besorcin, 74. 
Bosaniline, 198. 

Salts, ethereal, 188. 
Secondary monohydrio alcohols, 60. 
„ radicals of the methyl 
series, 13. 
Silicic aceto-triethylate, 220. 

„ aoetylate, 220. 

„ chloroform, 218. 

„ chlortriethide, 220. 

„ chlortriethylate, 220. 

„ dichlorethide, 220. 

„ dichlorethylate, 220. 

„ dieth-ethylate, 220. 

„ dietho-chlorethylate, 220. 

„ diethoxide, 220. 

„ dimethylate ethylate, 220. 

„ ethide, 221. 

„ ethotriethylate, 220. 

„ ethylate, 220. 

„ hydrotriethylate, 220. 

„ methide, 219, 221. 

„ methylate, 220. 

„ triohloretbide, 220. 

„ trieth-ethylate, 220. 

„ triethohydrate, 222. 

„ triethylate amy late, 220. 
Silicoformic anhydride, 218. 
Siliconylic acetate, 220. 
„ alcohol, 220. 
„ chloride, 220. 
Silicopropionic acid, 222. 
Single cyanides, 29. 
Sodio-zincic ethide, 226, 234. 
Spirit of wine, 57. 
Stearin, 76. 
Stibine, triamyl, 204. 
„ triethyl, 204. 
„ trimethyl, 204. 
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Stibines, 190, 202. 

„ salts of, 214. 
Strychnine, 202. 
Styrol, 157. 
Substitution derlyatiYes of benzol, 

45. 
Succinamide, 208. 
Succinic series of acids, 159. 

series, relations of, to acetic 

series, 162. 
series, relations of, to dyad 

radicals, 161. 
series, relations of, to lactic 
series and to glycols, 
161. 

Succinimide, 207, 210. 
Succinylic chloride, 187. 
Sulphophenyl urea, 197. 
Sulphur alcohol, 59. 
Sulphuric diethoxide, 89. 
Sulphurous diethoxide, 89. 

triethylo-iodide, 89. 
triethylo-hydrate, 89. 
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Tartaric or glyoxyloid series of acids, 

173. 
Tellurium ethide, 231. 
Tellurous diethoxide, 231, 233. 
diethiodide, 231, 233. 
diethosulpbate, 231. 
Tertiary acids of the fatty series, 114, 
129. 
diamines, 195. 
monohydric alcohols, 62, 

67. 
monamides, 207. 
monamines, 191, 193. 
monarsines, 211. 
radicals of the methyl series, 
10. 

Tetrachlorinated methylic ether, 87. 
Tetramines, 191. 
Tetrethylammonic hydrate, 211. 
Thebaine, 201. 
Theine, 202. 
Theobromine, 202. 
Thialdine, 200. 
Tin. 

Distannic hexethoxide, 233. 
Hypostannic ethide, 230. 

„ ethodiniodide,230. 

Stannic chlorotriethide, 230. 
„ dichlorethide, 226. 



11 
11 

11 
11 
11 
11 



11 
11 
11 



Tin. 

Stannic ethide, 225. 

„ ethodimethide, 230. 
„ ethophenyl dichloride, 

235. 
„ iododiethide, 230. 
„ iododimethide, 235. 
„ iodotriethide, 230. 
„ iodotrimethide, 235. 
„ methide, 235. 
„ phenyl-triethide, 235. 
„ triethohydrate, 233. 
Stannous ethide, 230. 
Stanntriethylic alcohol, 231. 
chloride, 231. 
ether, 231. 
haloid ether, 
231. 
Toluidine, 192. 

„ blue, 198. 
Toluol, 42. 
Tolyl, 14. 
Tolylamine, 192. 
Triacetin, 189. 
Triad positive radicals, 25. 

„ positive radicals, haloid ethers 
of, 104. 
Triadelphic type, 4, 5. 
Trialkalamides, 209. 
Triamides, 208. 

„ primary, constitution of, 

208. 
„ secondary and tertiary, 
209. 
Triamines, 198. 

diacid salts of, 213. 
monacid salts of, 213. 
normal salts of, 213. 
Triamylamine, 194. 
Tribasic acids, 177. 

acids, aconitic or acryloid 

series of, 177. 
acids, citric or lactoid series 

of, 178. 
acids, tricarballylic or ace- 
toid series of, 177. 
Tribrombenzol, 46. 
Ttibrombenzol hydrobromate, 46. 
Tribromopyrogallin, 83. 
Tribromorcin, 76. 
Tributylamine, 194. 
Trichloraldehyde, 110. 
Trichloraniline, 210. 
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